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\s the fourth Amberson lecturer, it is a privi- 


lege and an honor to join with my predecessors, 
James J. Waring, Richard L. Riley, and Esmond 
R. Long, in according tribute and esteem to the 
much-beloved physician for whom the lectureship 
was created. Nothing that I can say today of 
him we are here to honor can significantly add 
to, or better express, what has already been 
those who have given earlier lectures. 


said by 


To reeall again his service, contributions, and 
inspiration to patients, students, and physicians 
alike 
known and deeply felt by all. 

That the National 
and the American Trudeau Society should invite 


would be a reiteration of what is well 


Tuberculosis Association 
to give the Amberson Lecture one who, for most 
of his professional life, has been concerned with 
viral infections may not be as surprising as at 
first it seemed. Perhaps this may be construed 
as a reaffirmation of faith in the unity of the 
science of life and is indicative of the wide-ranging 
of the their 
professional backgrounds and current preoecupa- 


interests members regardless of 
That there are some unsolved problems 
that these 


merit the concern of enquiring minds will, | 


tions. 


occasioned by viral diseases and 


trust, become evident as the lecture unfolds. 
* * * 


Less than nine years ago, it began to be ree- 


ognized that many viruses as they multiply lead 


' Founded and sponsored by physicians of the 
Bellevue Hospital Chest Service, New York, 
New York. The Amberson Lecture will de- 
livered each year at the annual meeting of the 
National Tuberculosis Association and its medical 
section, the American Trudeau Society. 

? Vice-President for Clinical Studies, 
feller Institute, New York, New York 


be 


tocke- 


to degenerative changes in cultured cells which 
can be readily discerned. This remarkable phe- 
nomenon, designated the cytopathic effect by 
Enders and his co-workers (1), soon made un- 
necessary the use of the living animal in virus 
research. The development of procedures for the 
cultivation of human cells in the test tube made 
possible the study of human viral infections 
without recourse to volunteers. For the first time, 
it became possible to examine closely both part- 
ners in viral disease of man, the cell and the agent, 
under controlled experimental conditions (2). 
Studies of this kind have led to new and sur- 
not the least 
that human beings harbor an astonishing array 


prising discoveries, of which are 
of viral agents and that they are susceptible to an 
unexpectedly large number of viral infections (3). 
work still 


obvious that the older idea of 


From in progress, it has become 
“one disease-one 
agent” has had to give way to the concept that 
a well-defined clinical syndrome may be induced 
by any one of a number of viruses and that one 
virus may induce several different symptom 
complexes. 

The new knowledge has important implications 
to understanding viral infections of the respir- 
atory tract. As an example, the clinical syndrome 
called influenza may be induced by some ten or 
eleven different viruses, only four of which are 
designated as influenza viruses (3). Moreover, 
one influenza virus may induce a wide variety 
of clinical entities ranging in severity from very 
minor upper respiratory infections to fatal viral 
pneumonia. Thus, a diagnosis of influenza may 
mean quite different things to the clinician and 
to the virologist. Ideas about viruses, like those 


about bacteria, are becoming less and less disease- 
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TABLE 1 


Viral DIsEASES OF THE RESPIRATORY 
TRAcT 
Views 
Common cold Common cold ? 
ECHO 210 
Pharvngitis Adeno 
Coxsackie ? 
ECHO 8 
Herpes Simplex 
Herpangina Coxsackie, A 4, & 
10 
Pleurodynia Coxsackie, B 1,3, 4 
Acute respira Adeno 3, 4,7, 14 
tory disease 
Laryngotracheo- Para influenza ? 
bronchitis 
Influenza Influenza 1.B,C, D 
Primary atypi Primary atypi ? 
cal pneumonia cal pneumonia 
Adeno 1,7 
oriented and more and more concerned with 


the mechanism of infection which may, but more 
commonly does not, lead to disease 

\ recent count (4) indicates that 
more than 50 different diseases of man which 


there are 


are known or believed to be induced by viruses, 
Although 
overshadowed by the different viruses 


this is an impressive number, it is 
greatly 
that 


number that now stands at more than 


recovered from human beings, a 
150. Of 


these agents, some 30 are known to be associated 


can be 


with respiratory diseases, and a majority of the 
remainder may initiate infections in the respir 
tract, the 
viruses. 


ator) outstanding portal of entry for 


the viral diseases of the 
respiratory tract and the agents that often induce 
indicated in table 1. In addition to the 


agents designated common cold viruses, known 


Some of common 


them are 


for thirty years, which infect only man and the 
chimpanzee, colds seem also to be produced at 
times by so-called ECHO viruses, found in 1951, 
which cause cytopathic effects in cultured cells 
(5). Pharyngitis or pharyngo-conjunctival fever, 
which may resemble streptococcal pharyngitis, 
though usually caused by adenoviruses dis- 
covered in 1953 (6), may also be induced by the 
listed. 
be caused by a number of 
Coxsackie viruses, first found in 1948 (7); the 


1 and the latter by 


several other agents Herpangina and 


pleurodynia may 


former by those of Group 
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ARD, separated as an entity during World War 
II (8), appears to be induced by adenoviruses, 


some in Group B. Acute respiratory disease, « 


Influenza, though most commonly caused by 
influenza A virus, can also be caused by three 
other types, as well as by a number of other 
pneumonia has been 
(9). 


atypical pneumonia, when associated with a cold 


viruses. Influenza viral 


associated chiefly with type <A Primary 
hemagglutinin response, seems now to be attribu- 
table to a virus of the same name (10). When 
not associated with cold hemagglutinins, it may 
be due to adenoviruses (11). In addition, laryngo- 
tracheobronchitis of infants, as well as pneu- 
monitis, may be caused by one or more of these 
agents, 

The omission of psittacosis from the list may 
occasion surprise. Agents of the psittacosis group 


are no longer recognized aus viruses and would be f 
classed with rickettsiae were they transmitted | 
by arthropods. Like rickettsiae, they are readily 
susceptible to several antimicrobial agents, partic- 
ularly the tetracyclines (12). 

Numerous other viral diseases might well be 
included in the respiratory group. Thus, measles } 
virus initially infects the upper tract, and its 
most serious results come from infection of the 
lower respiratory tract. Several of the other | 
exanthemata of childhood undoubtedly enter 


through the respiratory tract: mumps may also 
through this tract. 
virus initially infects the tonsils and may readily 


enter Even poliomyelitis 


be found in nasopharyngeal washings. 
* * * 


The frequency of viral infections and_ the 
severity of some viral diseases have stimulated 
vigorous efforts to find ways of managing them. 
Some of the most remarkable successes achieved 
in preventive medicine have been directed against 
viral diseases. For example, means are available 
for total prevention of smallpox, yellow fever, 
and rabies (3). Satisfactory prophylaxis can now 
be provided against influenza, poliomyelitis, and 
But effective treatment 
has not been achieved. The most recent decisive 
demonstration of this deficiency occurred during 
the 1957 pandemic of influenza. When pneumonia 


adenoviral infections (3) 


was produced by the virus, none of the modern 
antimicrobial drugs had any beneficial effect, 
and a considerable number of patients died 
regardless of the vigor and kind of treatment 


employed (9). With respect to pneumonia induced 
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VIRAL INFECTIONS OF 
by viruses, the therapeutic position now is no 
better than it was during the great pandemic of 
influenza of 1918-1919. 

Much is heard nowadays of the successes that 
have been scored against infectious diseases. It 
appropriate the 
validity of the optimism that exists in many 
quarters and to ask whether the realities of 
with the 


seems to enquire regarding 


available control are commensurate 
satisfaction expressed. 

The effects of sulfanilamide on puerperal sepsis 
led to extended applications which were encourag- 
ing. The development of improved sulfonamides 
their but enthusiasm for anti- 


microbial therapy awaited the availability of 


increased use, 
penicillin. Several forms of pneumonia then could 
be managed more effectively than before, and 
there were predictions that the end of infectious 
diseases Was in sight. 

The failures that followed attempts to affect 
the course of viral diseases were not thought of 
as meaningful. These, too, might yield if appro- 
priate twists could be given to antimicrobial 
substances. The emergence of streptomycin re- 
focused attention on the treatment of microbial 
infections. Failure to affect the march of events 
like other 
negative results, troublesome but best ignored. 


in many infectious processes was, 
The finding of the tetracyclines set off a fresh 
tide of 


bacteria could be affected; several enteric infee- 


enthusiasm. A number of additional 
tions and, with the discovery of chloramphenicol, 
even typhoid fever, could be controlled. Most 
startling was the discovery that rickettsiae were 
susceptible to either the tetracyclines or chloram- 
phenicol. Thus, effective means for the treatment 
of typhus, the spotted fevers and Q, as well as 
psittacosis, were at hand. Surely the viruses 
should yield to these potent substances and 
permit the inclusion of the smallest infectious 
agents among the many others susceptible to 
antimicrobial drugs. But the did not 
yield, and they have not yet. 

Infectious diseases still plague man, some more 


viruses 


than others. None has been wholly solved or 
fully eradicated even though a few are not readily 
come by in certain parts of the earth. Some can 
be managed but more cannot. The most unsolved 
and unmanageable are viral diseases, and the 
most common of these are those that affect the 
respiratory tract. 

Numerous studies indicate that some 70 per 
cent of all episodes of illness are attributable to 
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respiratory infections and that more than 90 
per cent of these are induced by viruses (13). 
Although many are mild and not of long duration, 
some may become severe in those with impaired 
health, especially if physiologic balance is pre- 
carious, as in cardiovascular disorders or late 
pregnancy. 
Chemotherapeutic 
against bacterial infections, do not reduce the 


agents, however active 
incidence of viral diseases, do not modify their 
course, and do not diminish mortality attributable 
to them. In view of the evidence that supports 
these statements, it is astonishing that several 
hundred pounds of antimicrobial substances are 
given each year to patients with viral infections 
of the respiratory tract. Such efforts to provide 
acceptable therapy cannot be defended on the 
ground that it diminishes secondary bacterial 
infection. Not only is there little evidence to 
support such an idea; there are indications that 
the severity of complicating bacterial infections 
actually may be increased. 


* * 


Why is it that viral diseases are so unmanage- 
able and the efforts to develop effective chem- 
otherapeutic agents have resulted in failure? Are 
they different from other infectious processes and, 
if so, in what way? Some answers to these ques- 
tions can be derived from current concepts of 
the nature of viruses and the mechanism of their 
reproduction. 


The numerous viral diseases that occur in 
human beings are a heterogeneous lot and range 
in severity from the common wart to fatal 


rabies. The agents that cause them (figure 1) 
are widely dissimilar in size; the largest are so 
small they can barely be seen with the most 
powerful light microscope; the smallest are no 
larger than some protein Despite 
differences in size, almost all human viruses are 


molecules. 


spheroidal in shape. The most important com- 
ponents are protein and nucleic acid. The protein 
is at the surface of the particle and may be 
thought of as an outer coat or shell (figure 2). 
The nucleic acid is in the interior as a sort of 
core. Although a few viruses may contain some 
lipid and carbohydrate, some are composed only 
of protein and nucleic acid. As example, polio- 
virus, with a diameter of only 27 millimicrons, 
is made up of about 70 per cent protein and 30 
per cent ribonucleic acid. Poliovirus particles, 
as well as those of adenoviruses, are so similar in 
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Electronmicrographs of 8 viruses shown at the same magnifieation (50,000): (1) vaccinia 
2) PRS influenza virus; (3) eytoplasmie virus of Tipula poludosa (R. C. K. M 


Sarru, unpublished); (4) T4 bacteriophage; (5) T3 bacteriophage; (6) Shope papilloma virus; (7) polio- 
myelitis virus; (8) tobacco mosaic virus. Micrographs 3 to 7 show frozen-dried preparations. |Micro- 


Williams, 


graphs by R.C 
by C. A. Knight; (4) 


unpublished; virus preparations: 
and (5) by D. Fraser; (7) by C. E. Sehwerdt and F. L. 


(1) by R. C. Williams; (2), (6), and (8) 
Schaffer, all of the Virus 


Laboratory, University of California, Berkeley.| (Viral and Rickettsial Infections of Man, 3rd edition, 


T. M., and Horsfall, F. L., 


tivers 
permission of Dr. RC 


editors, 


composition and shape that they can be made 
to aggregate in geometric lattices and form re- 
markable ervstals of infectious material (figure 3). 

Some viruses are so small there is not space in 
the particle to contain the enzymes, cofactors, 
and other components essential for metabolic 
activity. Although a few viruses possess unusual 
enzymes, no virus is known to carry out intrinsic 


Jr., Lippineott, Philadelphia, 1959. Republished with the 
Williams and J.B. Lippincott Company.) 


metabolism. Biochemically they are inert and, 
when separated from host cells, viruses do not 
respire, engage in metabolic activity, or multiply. 
This sets them apart from other infectious agents 
and suggests that they are unique, in a class by 
themselves. 

The proteins and nucleic acids of viruses are 
not identical to the proteins and nueleic acids 
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Virus Components 


Protein Nucleic Acid (DNA) 


Bacterial 


Protein AB (RNA or DNA) 


(+Lipid) (+ Protein 


Protein~ Acid (DNA) 


Insect 


Fic. 2. Chemical composition and arrangement of components in some well-known virus particles. 


The plant virus is tobacco mosaic; the bacterial virus, T2; the animal virus, influenza or vaccinia; 
and the insect virus, one from the crane fly. (Horsraui, F. L., Jr., Can viruses be managed? Proce. 
Am Philosoph Soc.. 1958. 102. 442. Re published with the permission of the Proceedings of the Amer 
can Philosophical Society 


of the host cells in which they are reproduced. 
rhe protein coat is foreign to the host and is 
recognized as antigenically distinct. As a result, 
viruses stimulate the production of specific anti 
bodies in the infected patient, and these find 
their way into the blood stream. This is an 
important fact and provides one explanation for 
the immunity that develops during and follows 


after most viral diseases 


Antibodies against viruses are modified host 


proteins which have the capacity to react with : 

the particle. It appears that an antibody-virus = 

complex cannot penetrate into a host cell, and so > : : 

the virus appears to be noninfective when com 

bined with antibody. But the virus is not altered, 

even though made innocuous by antibody, and, x 

when the two are separated, it still shows in Fig. 3. A single large erystal of Mahoney polio- 

lective capacity. myelitis virus (X 80). (Steere, R. L., anp 
The phenomenon of specific antigenicity pro- Scuarrer, F. L.: The structure of erystals of 


purified Mahoney virus, Biochim. et biophys. 
aeta, 1958, 28, 241. Republished with the permission 
Because they usually react only with immune of Dr. W. M. Stanley and J. B. Lippincott Com 


serum against themselves, means are available — pany.) 


vides the major basis for identification of viruses. 
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Fig. 4. 


A display of TMV substructures: 
graded particle from which the RNA remains as a coaxial filament. (Right) a short portion of RNA 


free protein, seen end-on, and exhibiting a central hole (125,000). 
Viral and Rickettsial Infections of Man, 3rd edition, editors, Rivers, 
Lippincott Company, Philadelphia, 1959. Republished with the permission of Dr. W. 


J.B 


and J. B. Lippincott Company.) 

for their recognition. Even very similar viruses 
like influenza A and B do not react with anti- 
bodies against the unlike agent and can readily 
be differentiated by serologic procedures. New 
virus particles that emerge from an infected cell 
are identical in composition to the infecting 
Thus true” both 
the protein coat and nucleic acid of the progeny 
are identical to those of the parent particle. 


particle viruses “breed and 


Although rare mutant particles may arise, a 
discussion of this phenomenon is not pertinent 
here 

The nucleic acid in the core of the particle is 
also different from the nucleic acids of the host 
cell. Perhaps the most exciting discovery in 
biology in several decades is the recent demonstra- 
tion that the nucleic acid of the virus particle 
is itself infective. This complex substance, when 
carefully separated from the remainder of the 
particle and gently handled, can actually initiate 
virus reproduction in a susceptible host. cell. 


This remarkable discovery was made first with 
tobacco mosaic virus (14) in 1956 (figure 4). In 
the past two vears it has been found that nucleic 
acid from several animal and human VITUSses, 
including poliomyelitis (15), is also infective. The 
new particles that are produced by infected cells 
are identical in all respects to the virus from 
which the Their 


protem coats correspond in antigenic composition 


nucleic acid was obtained. 
to that of the virus which provided the nucleic 


acid and, like it, 


Recent 


they are infective 
indicates that 
ribonucleic 


human 
that the 
a virus particle is constant 


evidence most 


viruses contain acid and 


amount present mn 
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(Left) an intact TMV particle. (Center) a partially de- 


(From Hart, R. G., unpublished. 
T. M., and Horsfall, F. L., Jr., 
WV. Stanley 


regardless of the size of the agent. The nucleic 
threadlike 


molecule and has a weight of no more than about 


acid appears to exist as a single, 
two to three million units. Thus, a single macro- 
molecule is thought to carry all of the genetic 
information needed to initiate and direct virus 
reproduction in a host cell. This information is 
subtle 


the threadlike nucleic acid, much as a representa 


coded by chemical arrangements along 
tion of sound is coded on a magnetic tape. 

If the nucleic acid is all that is required to 
induce virus multiplication, what is the role of 
the intact particle and why is the nucleic acid 
surrounded by a protein coat? Current theory 
holds that the intact particle is a vehicle for the 
transmission of infective nucleic acid from one 
cell to another; that the protein coat protects 
the unstable genetic material when the particle 
is outside cells; and that it may aid the nucleic 
acid to penetrate the cell membrane. 

Present ideas about the nature of viruses do 
not prov ide much encouragement for the hope 
that they 
agents while outside cells in the body. Because the 


might be inactivated by chemical 
particles are composed chiefly of nucleoprotein, 
compounds that inactivate them also react with 
host cells and tend to be damaging. Attempts to 
prevent or control viral diseases by disinfecting 
agents have been discouraging and generally un- 
successful. Beeause viruses have no metabolic 
systems, it would not be expected that various 
effective 
against them. Efforts to use such compounds in 


the hope of affecting the activ ity of extracellular 


antimetabolites should be directly 


viruses have not been rewarding (16). 
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VIRAL INFECTIONS OF 

Specific immunization affords the best and most 
trustworthy means available for the prevention 
of viral diseases (3). Much evidence points to- 
ward antibodies as the major determinants of 
the immune state. These substances, produced 
in response to contact with a particular virus, 
are the most effective materials known to render 
viruses incapable of infecting host cells. Their 
their 
vantage, for antibodies against one virus usually 
do not affect another, not even a different type 


extraordinary specificity is chief disad- 


of the same virus. In view of the large number 
of viral diseases that affect man, to undertake 
to immunize with a vaccine against each, though 
feasible in theory, would, in practice, be over- 
whelming. Because immunity resulting from nat- 
ural infection is generally of higher degree and 
more enduring than that produced by artificial 
immunization, it is questionable if efforts to im- 
munize against many viral diseases would be 
desirable. 

There is no doubt that viral infection and its 
extension, viral disease, are primarily dependent 
on virus reproduction. If the agent does not 
find susceptible host cells or fails to multiply 
in them, infection does not develop and disease 
will not occur. All effective prophylactic pro- 
cedures have the same objective; to prevent or 
inhibit virus reproduction in the cells of the host. 
The more thoroughly they accomplish this end, 
the more effective they are. 

The remarkable mechanism by which viruses 
are reproduced is so unlike that of any other 
biologic system as to compel the view that these 
Most 


astonishing, perhaps, is the fact that the virus 


agents stand apart in a unique class. 
particle does not grow and divide when it is 
inside a cell. Instead of following this general 
biologic law, the particle disintegrates and disap- 
pears. Only a small portion, chiefly the nucleic 
acid, actually penetrates into the cell. The protein 
coat may not get inside at all. After entering the 
cell, the nucleic acid initiates and guides the 
process of reproduction. It is now clear that a 
virus particle, unlike a bacterium, does not 
itself give rise to daughter particles. The mor 
phologie continuity of the particle disappears 
when it initiates its reproduction, and biologic 
continuity hangs from a tiny thread, the nucleic 
acid (3). 

It is obvious that this process has a formal 
counterpart in the fertilization of an ovum by a 


sperm. Here, too, the chromosomes and their 
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nucleic acids, not the intact sperm, are the 
functional parts of interest. But the analogy 
ceases at the moment of fertilization, for the 
altered ovum will not itself yield new sperm. 
That the organism which develops from it may 
do so later is not germane to the present discus- 
sion. 

Once the nucleic acid of the virus has entered 
the cell, a new biologic entity is formed which 
has a capacity that neither partner in the union 
possesses. The new entity is the virus-infected 
cell and its unique character is this: it can yield 
new virus particles each like that which was 
lost on entering the union. The virus-infected 
cell is the unifying basis of viral infections and 
the cell damage associated with reproduction of 
the agent is the common denominator of viral 
diseases, however diverse their manifestations 
may be. There is then no fundamental difference 
between the common cold and smallpox; primary 
atypical pneumonia and poliomyelitis. Their dis- 
similar clinical pictures are attributable to the 
different kinds of cells supporting virus reproduc- 
tion and the different sorts of cell damage induced. 

The virus-infected cell does not immediately 
produce new particles. Time is needed for the 
synthesis of the precursor materials that are to 
be assembled into new particles (figure 5). This 
latent period is measured in hours with human 
viruses and ranges from about two to twenty 
hours, depending on the nature of the agent (17). 
Virus precursor protein and nucleic acid are 
produced separately, in some instances in dif- 
ferent parts of the cell. With certain viruses, one 
component may be synthesized in the nucleus 
and another in the cytoplasm. On migration 
in the cell, the components are brought together 
for the mysterious process of assembly. Only 
then do new virus particles appear. In some in- 
stances assembly of the precursor materials in- 
to particles does not occur until they are near 
the cell membrane and ready to be released. With 
its nucleic acid in a central position, the new 
particle is infective and can initiate another 
reproductive cycle when it reaches a susceptible 
cell. 

With human viruses the release of new particles 
from the infected cell may be progressive, more 
a “trickle” than a burst. How 
escape is not fully understood, but they may 


new particles 
emerge well before evidence of damage to the 
cell can be discerned. A single cell can yield a 
large number of new particles (17). With most 


4 
- 


322 FRANK L. 


Animal Virus Reproduction 


Nucleic acid 
Protein —— 


Animal ceil 


Fic. 5. Diagrammatic schema of reproduction of 
an animal virus: based on studies of fowl plague 
virus Horsrati, F. L., Jr., Can viruses be 
managed? Proe. Am Philosoph. Soc., 1958S, 102. 
442. Republished with the permission of the 
Proceedings of the American Philosophical Society.) 


viruses the yield lies in the range of 100 to 1,000; 
but certain small viruses like poliomyelitis may 
give far larger yields, as many as 20,000 particles. 
If all of these find cells to infect, it is obvious 
that the infectious process will spread at a rapid 
rate 

The incubation period, so characteristic of 
many viral diseases, is dependent in part on the 
latent period of reproduction and on the yield 
of new particles from the infected cell. The 
longer the latent period in the cell and the smaller 
the vield, the more prolonged is the incubation 
period. These two variables provide an adequate 
explanation for the short incubation period of 
influenza and the long one of mumps. 
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The cell damage that is the primary basis for 


viral diseases depends on reproduction of the 
agent. Clearly, if reproduction could be prevented 
or inhibited, it should be possible to manage 
these illnesses, perhaps even to treat them 
effectively. The validity of this theory was 
demonstrated with experimental 
infections in laboratory animals (18), but the 


satisfactorily 


inhibitory substances employed do not lend them- 
selves to use in human viral diseases. Some seven 
cheraical substances have been discovered that 
markedly inhibit animal virus reproduction when 
given during the latent period (19). These sub- 
stances are identified in table 2. Some compounds 
inhibit the synthesis of nucleic acid, others in- 
hibit the synthesis of protein, and one appears 
to inhibit the formation of both. 

Because protein and nucleic acid are the major 
components of viruses and are produced sepa- 
rately by the virus-infected cell, it was anticipated 
that compounds which inhibit the synthesis of 
either would retard or prevent virus reproduction. 
But proteins and nucleic acids are also essential 
constituents of host cells, and restriction of their 
production may be as upsetting to the cell as 
is the reproduction of a virus. None of the in- 
hibitory compounds so far discovered is entirely 
free of toxie effects on host cells (19). Even 
though several of them inhibit virus reproduction 
in amounts considerably smaller than are neces- 
sary to show cell toxicity, it seems doubtful that 
present compounds ean be of practical usefulness. 

It is either the process of virus reproduction or 
the products of that intracellular process that 
induces damage of the host cell. The mechanism 
by which the cell is damaged is not yet well 
understood. In some instances the metabolism of 
the virus-infected cell appears to be almost or 
entirely normal. It may even be able to undergo 
mitosis and divide, surely one of its most subtle 
and complex functions, while supporting virus 
reproduction. Nonetheless, all viruses which in- 
duce disease finally lead to abnormalities in cell 


function which may take one or another of | 


several courses. 

As seen in tissue culture systems (figure 6), 
the most obvious cell damage is the eytopathie 
effect which usually leads to death and disintegra- 
tion of the cell (1). Careful studies with mono- 


layer cultures of infeeted cells have demonstrated 


that virus reproduction and cell damage do not } 


become evident simultaneously. Reproduction 


L 
) 
ome. 
— Nucleus 


is for 
f the 
ented 
them 
was 
ental 
t the 
hem- 
seven 
that 
when 
sub- 
yunds 
rs in- 


pears 


najor 
sepa- 
pated 
sis of 
‘tion. 
ntial 
their 
tl as 
in- 
tirely 
Even 
ction 
that 
Iness. 
on or 
that 
nism 
well 
sm of 
st or 
lergo 
ubtle 
virus 
h in- 
n cell 
ey of 


e 6), 
thie 
egra- 
10N0- 
rated 
» not | 


tion 


INFECTIONS OF 


and 


(Lower) 


unpublished, 


A. 


AND TAYLOR, 


(From Tamm, 


after reproduction of influenza B virus. (Upper) infected culture. 


were taken at intervals of about twenty-three hours. 


6. Cytopathie effeets produced in monkey kidney-cell culture 
Microphotographs 


Fia. 


control culture. 
published with permission.) 
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TABLE 2 
Tuat ANIMAL VirRUS 
REPRODUCTION DURING THE 
LATENT PERIOD 
Substance Virus oo 
K pneumoniae Pneumonia) Unknown 
polysaccharide virus of 
mice 
2,.5-Dimethvylben Influenza Unknown 
zimidazole B 
Methoxinine Influenza Methionine me 
\ tabolism 
5,6-Dichloro-1-8 Influenza Nucleie acid 
p-ribofuranosy] B RNA) syn 
benzimidazole thesis 
5,6-Dichloro-1-8 Poliomve Nucleie acid 
p-ribofuranosyl litis (RNA) syn 
benzimidazole thesis 


Phenylalanine 
metabolism 


Fluoropheny!l Poliomye 
alanine litis 
Influenza 


\ 


Poliomye 


Caprochlorone Unknown 


Nucleic acid 
(RNA) and 


protein syn 


5,6-Dichloro-lL-a 
p-arabinopyr litis 
anosylbenzimi 


dazole thesis 


tends to precede recognizable damage, usually 
by several hours, and, in some instances, the 
maximal yield of new particles develops con- 
siderably before evidence of cell abnormality can 
be detected 

There 


those on cell motility or proliferation, which are 


are other cy topathic effects, such as 


less striking than death and necrosis. As would 
be expected, the various tumor-inducing viruses 
tend to increase the rate of cell growth and 
proliferation. But whether they lead to sickening, 
stimulation, or death, disease-inducing viruses 
affect the cells in which they are reproduced. 
The abnormalities that result are the base on 
which viral disease rests. When abnormalities 
develop in a sufficiently large population of 
cells or in a sufficient proportion of those serving 
some special function, the symptoms and signs 
of disease emerge. 

If it were feasible to prevent or modify the 
abnormalities that are induced in cells when 
virus reproduction occurs, effective means might 
become available for the management or control 
of viral disease. Efforts have been made in this 
direction, but lack of precise knowledge of the 
abnormalities has 


mechanism producing the 


necessitated empiric approaches which sO far have 


HORSFALL, JR. 


not been rewarding. It seems evident that infec- 
tion by viruses and their intracellular reproduc 
tion might be of little consequence and even go 
unrecognized if they did not lead to cell damage 
and subsequently to the physical evidences of 
disease. 

Because it has proved to be impossible to 
separate the processes involved in the reproduc- 
tion of viruses from the metabolic processes on 
which the life of the cell depends, it may be 
unrealistic to think that effective chemotherapy 
can be developed through substances that inhibit 
virus reproduction. Perhaps it will be more 
fruitful to focus attention on the mechanism that 
leads to damage of the virus-infected cell and to 
redouble efforts to find means that can prevent 
such damage. 

There is another consideration which recom- 
mends the “anti-damage” approach to the man 
agement of viral disease. Much of the reproduc 
tive process is Inapparent and gives little or no 
indication of its occurrence. At the level of the 
virus-infected cell, the most significant phases of 
the process occur during the latent period. At 
the level of the infected patient, the bulk of 
virus reproduction occurs during the incubation 
period. At either level, the process is hidden from 
view and may be unsuspected until signs and 
symptoms of disease prove that it has occurred. 
By this time there may be little that a virus 
inhibitory substance could accomplish, although 
there may still be much that could be achieved by 
an effective anti-damage drug. Because the dam- 
age that affects cells seems not to develop simul- 
taneously with virus reproduction, the delay in 
its appearance might provide an advantage if 
useful anti-damage measures could be developed. 


* * * 


Some brief concluding comments seem war- 
ranted. The work of the past few years has 
greatly increased knowledge of viral infections 
and has led to a unifying concept of virus repro- 
duction which explains some, though not all, of 
the remarkable features of these processes. The 
work of the next few years may well add to 
facilities for the control of viral diseases through 
prevention, and hopefully may lead to the finding 
of useful means for their management through 
effective treatment. In the light of all that has 
recently been learned, there is reason for opti- 
mism regarding that which has yet to be dis 
covered 
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INTRODUCTION 


Whatever may be the significance to an in 
dividual patient of the appearance of tubercle 
bacilli resistant to the drug being used, the de- 
velopment in a population of strains resistant 


to the available antituberculous agents is an 


important problem of public health. This 
problem has been of especial concern to the 
pediatricians ever since the appearance, as 
early as 1947, of tubercle bacilli resistant to 


streptomycin in the sputum of patients treated 


with this drug. The pessimistic predicted that 
the 


short duration, and the increasing prevalence of 


efficiency of streptomycin would be of 


resistant strains in the following was in 


agreement with this view. However, the general 


years 


evolution of the phenomenon has not been so 


simple. The widespread practice of multiple 
drug therapy has markedly interfered with 
the regular progression of resistance to strep- 
tomycin in the population of treated adults. 


The introduction of isoniazid has limited it 
further and has brought about new, unexpected 
and somewhat reassuring complications, as the 
strains resistant to isoniazid were shown to have 
decreased virulence for animals. 

For all of these reasons, the risk represented by 
the development of resistance to both strepto- 
mycin and isoniazid needs a careful re-evaluation, 
One of the most direct approaches to this problem 
is the study of the strains by which children have 
been infected. At the same time, the approach is 


of obvious importance to pediatricians. 


AND Mertruops 


Selection All strains 
patients with primary tuberculosis, 


\IATERIALS 


from 
admitted to 


of cases: isolated 


‘From H6pital de la Salpétriére, Paris; and 
Hopital Léon Bernard, Brévannes, 8. O. France. 
> This study was supported by L’Institut Na- 
tional d’Hygiéne, Le Centre National de la 
Recherche Scientifique, La Caisse Nationale de 
la Sécurité Sociale, and the Waksman Founda 


tion. 
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Malades, Paris, 
between 


the Hépital des Enfants and 
Hoépital Léon Bernard, Brévannes, 1948 
and 1958 have been studied for their susceptibility 
to antituberculous agents. It should be pointed 
out here that, between 1948 and 1954, the majority 
of these strains were isolated from cerebrospinal 
fluid, as most of the patients had been admitted 
to the hospital for tuberculous meningitis. After 
1954, the strains isolated from gastric washings 
became much more frequent than those from cere- 
brospinal fluid for two reasons: the ordinary cases 
of primary were more frequently 
treated with chemotherapy, and the 
tuberculous meningitis were more usually treated 
in various outlying hospitals (table 1). 

The strains of tubercle bacilli isolated 
cases of pulmonary tuberculosis of the adult type 
occurring in children have been excluded from 
the analysis. Strains from chronic cases of several 


tuberculosis 
cases of 


from 


years’ duration and strains sent to this laboratory ! 


from different hospitals because of suspicion of 
drug resistance have likewise been excluded. With 
these exceptions, the strains from all cases have 
been included 

All of the strains have been studied for their 
resistance to streptomycin. Most of the strains 
isolated in 1952 and 1953 and all of the strains 
isolated since 1954 have also been studied for their 
susceptibility to isoniazid. This results in a greater 
proportion of strains from meningitis with respect 
to susceptibility to streptomycin and a greater 
from ordinary primary 
to susceptibility to 


proportion of strains 
with 
isoniazid (table 1). 

The present study has been limited to those 
strains isolated from patients who had never been 
a week, with the cor- 


tuberculosis respect 


treated, i.e., for less than 
responding antituberculous agent, in order to 
study the strains that actually infected the 
children. In recent years, such strains have 
represented only a small fraction of the strains 
actually being studied, especially concerning the 
susceptibility to isoniazid. For, most children 
are admitted to this hospital only after treatment 
with isoniazid and PAS has been started else- 
where (table 2). 

Moreover, the present analysis has been limited 
to strains isolated after April, 1950, the suscep 
tibility tests having been made with a standard- 


‘Strains from patients about whom the infor- 
mation was incomplete, so that it was not possi- 


ble to be certain that no previous treatment had 


been given, have not been included. 
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INITIAL INFECTION BY DRUG-RESISTANT TUBERCLE BACILLI 
TABLE 1 
StrRAINS ISOLATED FROM PATIENTS WITH PRIMARY TUBERCULOSIS AND TUBERCULOUS MENINGITIS 
FROM 1948-1957 
Strains Isolated from 
Years Cerebrospinal Fluid Gastric Lavage, etc.* Miscellaneoust Total 
Number of Number of Number of Number of Number of Number of Number of Number of 
Strains Patients Strains Patients Strains Patients Strains Patients 
1948-1953 311 241 20 18 12 12 343 271 
1954-1957 53 19 258 237 33 32 344 318 
Total 364 290 278 255 15 14 687 589 
* Bronchoscopic or surgical specimens 
t Adenitis, pleural fluid, urine, sinuses. 
ized technique only since then, using H37Rv as a at 37°C. and were read again two weeks later. A 


control strain below 

Susceptibility tests to streptomycin and isoniazid: 
The technique has been, with minor variations, 
the same for both antituberculous drugs: a di 
lution method in Dubos liquid medium without 
Tween® 80 at pH 6.8 to 7. Primary isolation was 
carried out Léwenstein-Jensen medium; sub 
cultures (as few as possible) were made in Dubos 
liquid medium with Tween 80. 

When such subcultures were six to ten days 
old, they were adjusted comparatively to a scale 
made up with BCG so as to get an inoculum of 
approximately 0.03 mg. per 3 ml. of medium. The 
results were reported after one week of incubation 


(see 


on 


TABLE 2 
STRAINS FROM PatTieENTs TREATED Less THAN 
One WEEK WITH CORRESPONDING 
ANTITUBERCULOUS AGENT 
Strains Isolated from 
Years 
erebro Gastric 
spinal Lavage, —— Total 
Fluid et 


Studied for susceptibility to streptomycin 


1950-1953 111 12 4 27 

1954-1957 1] 206 20 267 

Total 152 218 24 394 
Studied for susceptibility to isoniazid 

to 1l-1953 14 5 2 51 

1954-1957 10 65 12 117 

Total S4 70 14 168 


* Bronchoseopie and surgical specimens 
+ Adenitis, pleural fluid, urine, sinuses 


control strain (H37Rv) was included in each test 
for comparison with the patient’s strain. 

In spite of the reported instability of isoniazid 
in Dubos medium, H37Rv is constantly inhibited 
by low concentrations of isoniazid (0.015 to 0.06 
y per ml.). Because of these slight variations, 
the routine use of a standard strain has appeared 
to add much to the accuracy of the drug-suscep 
tibility tests 

The results are reported with 
paring the amount of growth of the patient’s 
strain and of H37Rv after contact with the drug 
at each of the dilutions being studied (figure 1). 

Experiments reported elsewhere (1) have 
shown that, with this method and under the usual 
conditions, the of resistant cell 
among 10,000 would yield a result of ‘‘partial’’ 
resistance, but the presence of only one resistant 
cell among 100,000 would not be detected. 

As resistance to isoniazid has not always been 
shown maintained through subcultures, 
direct’ susceptibility tests by a slide-culture 
method have been used each time the specimen 
rich enough in acid-fast This 
hardly ever happened with specimens from pri 
mary tuberculosis in children, and Way 
found to overcome this possible source of error. 

Tubercle bacilli resistant 
to streptomycin when they needed twenty fold 
more streptomycin for inhibition than the control 
strain (usually 5 or 10 y per ml.). The bacilli were 
considered to be resistant to isoniazid when they 
grew well in the presence of 1 y per ml. of the drug. 

Study of the strains resistant to isoniazid: Such 
studied cultural 
characteristics Lowenstein-Jensen, Dubos, 
and the usual beef-infusion-agar media at 37°C. 
and at room temperature; for cord formation; 
for microscopic appearance of the organisms and 
their for their activity 
using Middlebrook’s technique (2); and for their 
pathogenicity for guinea pigs after subcutaneous 
injection of a large inoculum (0.3 mg.). 
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growth 


Studied strain 


from patient 


HayRv 


Fig. 1 


after contact with drug. 


ReSULTS 


INFECTION WITH TUBERCLE BACILLI 


RESISTANT TO STREPTOMYCIN 


tesistance to streptomycin in an untreated 
patient with meningitis was seen for the first 
time in this series in 1949. Its frequency in- 
creased in the following years so as to become a 
serious problem in 1952 (3). Since isoniazid be- 
came available and has been used routinely, 
primary resistance to streptomycin ceased to in- 
crease, but one to 4 such eases have been seen 
every year among an average of 80 patients each 
year whose strains met the criteria for study. 
which strains resistant to 
different 


periods since 1950, in children who had never been 


The frequency with 


streptomycin have been found, at 
treated with this drug is shown in table 3. 

It should be mentioned that, in 1949, a case of 
first 
time in which the treatment with streptomycin 
which the 
organism was found to be resistant to strepto- 
Although this case (.1/.C.) is not included 


in the present analysis because the drug-suscepti- 


tuberculous meningitis was seen for the 


was completely ineffective and in 


myem 


bility tests were made with another technique, 
the case is presented in outline along with the 


other cases. 


History of Patients Originally Infected 
with Streptomycin-resistant 
Tubercle Bacilli 


V.C., «a girl of five and a half years of age, was 
admitted to the hospital on October 17, 1949, for 
tuberculous meningitis. She was conscious and 
alert. Treatment was started with streptomycin. 
The course of the disease was exactly that of un 
treated tuberculous meningitis, and the patient 


Scheme of comparison of growth of patient’s strain and standard strain of 


meg /ml of streptomycin 


H37Ry 


died on the twenty-fifth day of treatment. It was 
discovered that the patient’s contact was another 
patient who lived next door and who had been 
treated with streptomycin. This ‘‘source 
patient returned to the hospital and died three 
weeks later. Tubercle bacilli isolated from the 
cerebrospinal fluid of the patient 1.C. on the day 
of admission to the hospital were resistant to 
streptomycin concentrations of 1 y per ml. A 
second culture isolated eleven days later showed 
tuberele bacilli resistant to streptomycin concen 
trations of 5 y per ml. 


case”’ 


¢. 
admitted on March 18, 1950, fully conscious and 
rational. The source of his infection was unknown 
He died on the sixteenth day of streptomycin 
treatment. Tubercle bacilli isolated from the 


was a boy of five vears of age who was 


cerebrospinal fluid were resistant to streptomycin, 


concentrations of 100 y per ml. These organisms 
were more than two hundred times as resistant 
to streptomycin as the standard strain H37Rv. 

H. M., an eight-vear-old girl, was admitted to 
the hospital on March 31, 1951, on the ninth day 
of tuberculous meningitis. She was very drowsy 
and had a right hemiplegia. The patient died on 
the sixteenth day of streptomycin treatment 
The possible source of her infection was 6 different 
patients with pulmonary tuberculosis, several of 
whom had been treated with streptomycin. All 
6 of these tuberculous patients lived in the same 
house as the child H. M. Tubercle bacilli isolated 
on two occasions, forty-eight hours apart, from 
the cerebrospinal fluid of patient H. M. were 
resistant to streptomycin concentrations of 100 
y per ml., or were more than two hundred times 
as resistant as the stock strain H37Rv. 


E. L. M. was a girl of three who was admitted 
to the hospital on May 20, 1951. Her tuberculosis 
was detected by the tuberculin reaction recorded 
as a routine procedure before giving antidiph 
theric-antitetanic immunization but, when ex 
amined roentgenographically, miliary tuberculosis 
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TABLE 3 
STRAINS FROM PATIENTS TREATED LEss THAN ONE WEEK WITH STREPTOMYCIN 


Resistance to Streptomycin among Strains Isolated from 


—_ Cerebrospinal Fluid Gastric Lavage, etc.* Miscellaneoust Total 
to Strains strains to Strains to Strains Strains to Strains 

1950 34 l 3 0 3 0 40) l 
1951 36 5 | 0 0 0 37 5 
1952 29 2 3 0 ] 0 33 2 
1953 12 0 5 0 0 0 17 0 
1954 14 | 28 0 8 0 50 1 

H37Ry 1955 12 0 69 | 2 0 83 1 
1956 12 0 64 l S 0 S4 l 
1957 3 0 15 } 2 0 50 i 

It was 

nother Total 152 9 218 9 24 0 394 18 

1 been 

case’ * Bronchoscopic or surgical specimens. 

three + Adenitis, pleural fluid, urine, sinuses. 

m the 

he day was present. A routine examination of the cerebro ment with streptomycin and PAS. During the 

int to spinal fluid was made and showed evidences of | three months prior to admission, this child had 

ml. A. meningitis. Tubercle bacilli isolated from this been exposed to her stepmother, who died soon 


howed 


fluid resistant to streptomycin concen 


were 


thereafter of renal tuberculosis. The stepmother 
had been treated for a long time with strepto 


pncen trations of 2 y per ml., twenty times as resistant 
as H37Rv. The patient showed very slow improve mycin. No other possible source of infection was 
ment despite the fact that her meningitis had been found. The organisms from the cerebrospinal 
0 was discovered and treated at such an early stage. fluid of the child, isolated on admission to the 
is and After two and a half months of treatment, hospital, were resistant to streptomycin concen 
nown. tubercle bacilli were again isolated from the trations of 2 y per ml., or were twenty times as 
mycin cerebrospinal fluid and showed the same degree _ resistant to streptomycin as the standard strain 
n the of resistance as the pretreatment strain. After of H37Rv. 
mycin, three months of treatment fresh tubercles ap- 
nisms peared in the choroid. In July, when the resistance J.P. B. was a boy of three and one half years 
istant of the infecting strain was known, therapy was of age who was admitted to the hospital on De 
37Rv. intensified to include two daily intrathecal in cember 22, 1951, in coma. He had significant 
jections of streptomycin and PAS. The child  papilledema and miliary tuberculosis. He died 
ted to. eventually recovered completely. The source of after twenty days of streptomycin treatment, 
h day | the infection in this case is unknown and there is — which included intraventricular injections of the 
rowsy| no known tuberculosis in the family. drug. The source of the infection was unknown. 
ied on Tubercle bacilli isolated from the cerebrospinal 
ment N. M., « girl three and a half years old, was fluid were resistant to streptomycin concen 
ferent’ admitted to the hospital on July 7, 1951, with trations of 2 y per ml. and were forty times as 
ral of | meningitis and miliary tuberculosis. The patient resistant to streptomycin as the strain H37Rv. 
n. All had already been treated for six days with strepto 
‘same mycin by the intramuscular route. The source N. G. was a girl of sixteen years who was ad 
plated) of the infection was unknown. The patient died mitted to the hospital on February 12, 1952. She 
from after two months of treatment with streptomycin, had tuberculous meningitis with right hemiplegia 
were, administered both intramuscularly and by the and cerebellar symptoms, but she was fully 
f 100° intrathecal route, along with PAS by mouth conscious and rational. On treatment with strepto- 
times| Tubercle bacilli isolated from the cerebrospinal mycin, her condition progressively worsened. 
fluid were resistant to streptomycin concen Accordingly, PAS was added to the therapy, and 
trations of 2 y per ml. The strain was more than ten days later the patient also received isoniazid. 
nitted forty times as resistant to streptomycin as the Because of the suspicion of a cerebellar tuber 
ulosis standard strain of H37Rv. culoma, surgical exploration was performed but 
orded only generalized brain edema was found. The 
idiph VW. B. was a girl of two years of age, who was _ patient died after one month of treatment. The 
n ex admitted to the hospital on October 21, 1951, in source of the infection was unknown. Tubercle 


ulosis 


coma. She died after twenty-five days of treat 


bacilli isolated from the cerebrospinal fluid were 


i 


350 


resistant to streptomycin concentrations of 5 4 
per ml. (twenty times as resistant to strepto- 
mycin as the H37Rv strain). 


D. G fourteen-month-old infant, ad- 
mitted on March 18, 1952, with meningitis. The 
tuberculosis was diagnosed at a very early stage 
because it was known that the patient had recently 
become a tuberculin reactor. He treated 
with streptomycin alone, vet became suddenly 
worse. In spite of the addition of isoniazid and 
PAS to the therapy, the patient died after twenty 
eight days of treatment. It was then discovered 
that the probable source of the infection was an 
who had streptomyecin-treated pulmonary 
The organisms isolated from the 
cerebrospinal fluid of the infant admission 
to the hospital were resistant to streptomycin 
concentrations of 1,000 7 per ml. (more than four 
streptomycin 


was a 


was 


aunt 
tuberculosis 
on 


thousand times as resistant «as 


H37Ryv 


G. was a young medical student who was ad 
mitted to the hospital in 1954 
meningitis and a small pulmonary infiltration. 
No special contact was known, but as a student 
he had seen patients with tuberculosis in the 
hospital. Treatment and 
PAS, and recovery was uneventful. The organisms 
isolated from the cerebrospinal fluid before treat 
ment were resistant to streptomycin concentra 
tions of 2 ml. The 
geneous and was sixteen times as streptomycin 


for tuberculous 


consisted of isoniazid 


per strain was nonhomo 


resistant as the standard strain H37Rv 

Bo was a twenty-one-month-old infant who 
was admitted on February 14, 1955, for primary 
seg 
consisted of isoniazid and 
Tubercle 


tuberculosis with collapse of a pulmonary 


and the recovery 


ment treatment 


PAS 


bacilli isolated from gastric lavage before treat 


was uneventful 


ment were resistant to streptomycin concen 
trations of 1,000 y per ml. (more than two thousand 
times as drug resistant as H37Rv Tubercle 


bacilli isolated from the sputum of a close contact 
of the patient showed the same levels of 
table 8) 


receiving 


strepto 
The 


strepto 


mycin and isoniazid resistance (sec 


for many 


last-named patient been 


mycin treatment months 


P. G. was a boy four vears of age, who was ad- 
mitted to the hospital on September 12, 1955, 
because of primary tuberculosis with large 


mediastinal lymph nodes and collapse of a portion 
of the lung. He was treated with isoniazid and 
PAS and made an uneventful recovery. Tubercle 
bacilli isolated from gastric washings were re 
1,000 
thousand times as 
The 
of infection was apparently the mother, who had 
but 
whom any other information is lacking. 


sistant to streptomycin concentrations of 


ml. (more than eight 


streptomycin resistant as H37Rv). 


per 
source 


received no antituberculous therapy about 
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M. J. was a five-month-old male infant, who 
was admitted to the hospital on October 17, 1955, 
with primary tuberculosis with collapse of a 
portion of the lung. He was treated with iso- 
niazid, PAS, and streptomycin, and showed an 
excellent recovery. Tubercle bacilli isolated before 
treatment (by gastric lavage) were resistant 
to streptomycin concentrations of 1 y per ml. 
(more than forty times as streptomycin resistant 
as H37Rv). The source of infection was apparently 
the mother who had not received any antituber- 
culous therapy at the time the infant became 
infected. Subsequently, the mother was treated 
for six months with streptomycin, isoniazid, and 
PAS, and tubercle bacilli derived from her showed 
the same streptomycin resistance as those isolated 
from the child. Unfortunately, no pretreatment 
culture was obtained on the mother. 


C. L. was a girl of four and a half years of age, 
who was admitted to the hospital on November ' 
22, 1955, for uncomplicated primary tuberculosis 
She made an uneventful recovery. Tubercle bacilli 
isolated from gastric lavage were resistant to 
streptomycin concentrations of 1,000 y per ml 
(more than four thousand times as streptomycin 
resistant as H37Rv). The child had been infected 
by her mother, who had never been treated with 
streptomycin. The date of development of tuber 
culin sensitivity by the mother is not known, nor 
was the source of the mother’s infection estab- 
lished. Moreover, the tubercle bacilli inthe sputum 8 
of the mother were not studied in the sanatorium, 4 
where she shows steady improvement on treat 
ment with PAS 
In this case, as in the two preceding cases, the 
possibility exists that the mother was originally 
infected with streptomycin-resistant tubercle ba- 
cilli and subsequently infected her daughter with ! 


4 


isoniazid, streptomycin, and 


the same strain 


D.M a two and a half year old child who 
was admitted on May 19, 1956, with uncomplicated 
Tuberele bacilli isolated 
resistant to 

per ml. The strain 


was 
primary tuberculosis 
from gastric lavage were strepto 
mycin concentrations of 1 
was nonhomogeneous and was ten times as re 
sistant to streptomycin as H37Rv. The source of 
infection was apparently a neighbor who had been 
treated with streptomycin, but no information 
his strain of tubercle 


is available concerning 


bacilli 


P. was a child of twenty-six months who was 
admitted to the hospital on January 21, 1957 
with uncomplicated primary tuberculosis. (See 
under Isoniazid below. 

L. was a ten-year-old boy who was admitted 
to the hospital on March 8, 1957, with uncompli 
cated) primary tuberculosis. His tuberculin 
reaction was negative on December 11, 1956. No ' 
tuberculous patients were found in his family, 
and the other two children remained nonreactors 
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TABLE 5 


STRAINS FROM PATIENTS TREATED 


LESS THAN 


One WEEK witH ISONIAZID 


Resistance to Isoniazid of Strains Isolated from 


Vears Cerebrospinal fluid Gastric 
Number of Number Number of 

Strains Resistant Strains 
1951-1953 44 0 5 
1954 15 0 14 
1955 12 0 26 
1956 11 0 11 
1957 2 0 14 
Total M4 0 70 


to tubereulin. Moreover, no tuberculin ‘‘con 
versions” had occurred in the atte nded 
by the child. Nevertheless, the mother said that, 
as the boy was such a nuisance at home when he 


school 


was not going to school, she had sent him to the 
movies all by himself every day during the 
Christmas holidays. The family lived in an over 
crowded area of the city. Tubercle bacilli isolated 
from the child by gastric lavage were resistant 
to streptomycin 1,000 per 
ml. (more than five thousand times as strepto 
mycin resistant as the H37Rv strain). 


concentrations of 


admitted 
with un 


N. J., an eleven-year-old girl, was 
to the hospital on November 18, 1957, 
complicated primary tuberculosis. She was treated 
with isoniazid and PAS and made an uneventful 
Tubercle bacilli isolated from her were 
to streptomycin concentrations of 10 


recovery 
resistant 

per ml., or more than fifty times as strepto 
mycin resistant as the H37Rv strain. The source 
of infeetion of this girl was not established 


B.E.A 


tuberculosis 


was a four-year-old child with primary 
and lymph 
discovered 


enlarged mediastinal 


nodes, whose disease was originally 


as a result of tuberculin testing. (See under Iso 
niazid below 
these cases is 


of the data 
presented in table 4 


\ summary from 


INFECTION WITH TUBERCLE BACILLI 


RESISTANT TO ISONIAZID 


\ total of 5 children have been observed whose 


original infection was caused by isoniazid-re- 
sistant tubercle bacilli. The first such case was 
seen in 1954 and the remainder were observed in 
1957. Three of the 1957 cases occurred in January 
of that year (table 5). It is of interest that one of 
these infections was caused by tubercle bacilli of a 


bovine strain. Two of the five isoniazid-resistant 


Lavage 


Number 


et Miscellaneous Total 


Number of Number Number of 


Number 


Resistant Strains Resistant Strains Resistant 
0 2 0 51 0 
0 7 l? 36 1? 
0 l 0 39 0 
0 } 0 26 0 
4 0 0 16 4 
14 1? 168 or 5? 


strains were resistant to streptomycin. The re-, 
sults of the isoniazid-susceptibility tests of the 
tubercle bacilli isolated from these 5 patients 
before they had_ received any isoniazid, e.g., 
treated for less than one week, are presented in 
table 6. 


History of Patients Originally Infected 
with Tubercle Bacilli Resistant 
to Isoniazid 


patient with tuberculous cervical 
adenitis who was admitted to the hospital on 
January 19, 1954. Culture from the purulent 
material that was aspirated from the lymph nodes 
revealed a tubercle bacilli of bovine 
origin which was partially resistant to an iso 
niazid concentration of 2 y per ml. This result 
was found difficult to interpret. The child lived 
in the country, and no human source of infection | 
was found. 


S. was a 


strain of 


P. was a child of twenty-six months of age who 
was admitted to the hospital on January 21, 1957, 
with uncomplicated tuberculosis. Tubercle bacilli 
isolated from the patient required 1 to 5 y of 
isoniazid per ml. for inhibition. Thus, the strain 
one hundred times 


was as resistant to isoniazid 


TABLE 6 


PATIENT-STRAINS RESISTANT TO ISONIAZID 


Susceptibility to 
Isoniazid 


Strains of Cata Pathogenicity 
Patients lase for Guinea Pig 
y per MI H37Rv 

2 -10 70 

P 1-5 100 attenuated 
D.B 1-5 100 + + 

G.B 1-5 100 + + 4 
B.E.A 1-5 100 attenuated 
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TABLE 7 


Data FROM Cases oF TUBERCLE BacILLI Resistant To IsoNIAZID 
Case Year Contact Type of Primary Tuberculosis Treatment Evolution 
s 1954 | Unknown Cervical adenitis Isoniazid + PAS 
D.B 1957 | Unknown Pleural effusion Isoniazid + PAS | Unevent 
and cortisone ful re 
covery 
G.B 1957 | Neighbor treated with | Pulmonary collapse Isoniazid + PAS | Unevent 
isoniazid. Tubercle ba ful re 
cilli from this patient’s covery 
sputum resistant, as 
tubercle bacilli from 
child 
s 1957 | Unknown Uncomplicated pri Isoniazid + PAS | Unevent 
mary tuberculosis ful re 
(tuberele bacilli re covery 
sistant to strepto 
mycin as well) 
B.A 1957 | Unknown Uncomplicated pri Isoniazid + PAS | Unevent 


mary 
(tubercle 
sistant to 


ful re 
covery 


tuberculosis 
bacilli re 
strepto 


mycin as well) 


as the standard strain H37Rv. It was also resistant 
to streptomycin concentrations of 100 y per ml 
more than five hundred times as resistant as 
H37Rv). The strain showed attenuated virulence 
for the guinea pig and was catalase positive. The 
source of the infection was not established, and 
there was no tuberculosis in the patient’s family. 
However, the housing conditions of the familys 
were very unsatisfactory 

D. B. was a girl thirteen and a half years old, 
who was admitted to the hospital on January 21, 
1957, primary tuberculosis and pleural 
effusion. treated with isoniazid, PAS, 
Her recovery was rapid and 
Tubercle bacilli, isolated by 
were resistant to isoniazid 
concentrations of 1 per mil. (one hundred times 
s isoniazid H37Rv). The strain 
was nonhomogeneous, catalase positive, and was 
virulent for the pig. The source of the 
tuberculous infection could established 


with 
She was 
and corticosteroids 
satisfactory. 
lavage, 


quite 


gastric 


resistant as 


guinea 
not be 


G. B girl four and a half years old, 
who was admitted to the hospital on January 28, 
1957, with primary tuberculosis, enlargement of 
the mediastinal lymph nodes, and collapse of a 
pulmonary segment. Her recovery was uneventful 
The pretreatment strain of tubercle bacilli was 
resistant l 4 
ml. The strain was nonhomogeneous, was catalase 
positive, and was virulent for the guinea pig. The 
infection apparently was contracted from a next 
door neighbor, whom the child saw frequently. 
Tubercle bacilli from this who had 
received extensive antituberculous therapy and 


was it 


to isoniazid concentrations of 


per 


neighbor, 


was very ill, had the same isoniazid resistance 


as the strain isolated from the child. 


B. E. A. was a four-year-old child who was ad 
mitted to the hospital on October 9, 1957, with 
primary and enlargement of the 
mediastinal lymph nodes. The infection was 
discovered as a result of routine testing with 
tuberculin (see streptomycin cases above). The 


tuberculosis 


strain isolated from the child was resistant to 
isoniazid concentrations of 1 y per ml. (forty 
times the isoniazid resistance of H37Rv). The 
strain was catalase positive and showed 


attenuated virulence for the guinea pig. It was 
also resistant to streptomycin concentrations of 
1,000 » per ml. (more than five thousand times as 
streptomycin resistant as H37Rv). The source of 
infection in this child was unknown. 
cases is presented in 


Asummary of these 


table 7. 


DiscUSSION 


Changing trends have now been seen in the 


epidemiology of tubercle bacilli resistant to 
streptomycin, and it seems that in ten years it is 
possible to discern at least the first stages of 
what begins to look like a “life-cycle,” so to 
speak, of resistance. 

It should be pointed out that, with streptomy- 
cin, resistant organisms made their appearance 
in treated patients several years before they were 
found in recent tuberculin “converters,” and they 


0 

1? 

0 

0 

r 5? 


have always remained much less frequent in the 
latter. 

Indeed, in the experience in this laboratory, 18 
resistant strains were found among the 394 strains 
isolated from children with primary tuberculosis 
as yet untreated with streptomycin. This pro- 
portion of less than 5 per cent is well under what 
has been found in treated adult patients in the 
past years. 

A sort of “lag phase” of several years took 
place between the first appearance of resistant 
organisms in treated patients and the expected 
discovery of such strains in recent converters in 
the same ethnic group. This is not surprising 
and, indeed, could have been expected. A few 
months of treatment is enough for the phenom 
enon of drug resistance to become obvious in 
patients with severe cavitary pulmonary tuber 
culosis. But, for several reasons, it will take some 
time before drug-resistant strains can be demon- 
strated in infected children. First, as a whole, 
treated 
usually some prophylactic measures are taken for 
the children who would come into contact with 
them. This is well shown by the fact that, among 


patients become less infectious, and 


children with primary tuberculosis, at present 
about. half have been infected by patients whose 
disease had not vet been diagnosed, the pulmo 
tuberculosis of the adult being discovered 
of the skin tests in the 


children, or vice versa. Moreover, many of the 


nary 
because of “conversion” 
patients have infected their own children before 
they receive treatment themselves. Consequently, 
the fact that the parents’ subsequent treatment 
happens to result in drug resistance has no in 
fluence on the type of infection present in the 
child 
resistant organisms have a good chance to re- 
main fewer than the treated adult patients in 


whom drug resistance has developed. 


For these reasons the children infected with 


Furthermore, only «a minority of children with 
primary tuberculosis will have gastric washings 
positive for tubercle bacilli, and only a minority 
of those will have their strains studied. Thus, it 
will take several years to discover those who have 
been contaminated with resistant organisms. It 
is even highly probable that some will be dis- 
covered only much later, when they develop pul- 
monary tuberculosis of the adult type as a more or 
less late complication of their primary tubercu 
losis. As this happens only in a small proportion 
of the population of skin reactors, it is not sur 
prising that it is some time before it is discovered. 
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Thus, the fact that one has not yet seen children 
infected with organisms resistant to a certain 
drug cannot be taken as entirely reassuring, for it 
is highly probable that there is actually a con 
siderably larger number of children infected with 
drug-resistant tubercle bacilli among tuberculin 
than the 
bacteriologic demonstration has been made. In- 


reactors number of cases in which a 
deed, such has been the experience with strep 
tomycin in this hospital. 

In the course of treatment of severe cases of 
tuberculosis in children (chiefly meningitis and 
tubercle bacilli resistant 
to streptomycin were found as early as April, 
1947, less than three months after streptomycin 
had become available at this medical center. This 
has not been any different from the experience in 
sanatoriums for adults. But it was only in Octo 
ber, 1949, nearly three years later that, for the 
first time, meningitis was seen to get steadily 


miliary tuberculosis), 


worse under streptomycin treatment 


proved to be due to drug-resistant organisms. The 


next such patient was seen in 1950, and five; 


others in 1951. In 1952, when isoniazid became 
available, among the 33 last strains studied, 5 
patients had been found resistant to strepto 
mycin. 

has aided recovery of 


then, isoniazid 


children who had meningitis due to streptomycin- 


Since 


resistant organisms. Moreover, it is probably due 
to isoniazid too, now widely used in the treat- 


ment of adults with tuberculosis, that the in-’ 


cidence of strains resistant to streptomycin in| 


infected children has decreased since 1952, so as 
to make an over-all incidence of a little less than 
5 per cent in the present series. 

It should be mentioned that, in the first period 
of this study (before 1955), when organisms re- 
child 


roentgeno 


sistant to streptomycin were found in a 
started, the 
graphic examination of the family never disclosed 


before treatment was 


a close contact with unsuspected pulmonary 


tuberculosis, as is so frequently the case. On the 
contrary, contact with a patient presenting a 
long-treated still 


long-diagnosed, tuberculosis, 


active, was found in 4 patients and suspected in| 


a fifth, who was a medical student. No tubercu- 
found in 5 other patients despite 
thorough examination of the whole family. 


This has changed since 1955. In 3 of 9 patients, 


losis was 


the obvious source of infection was the mother, 
whose disease had just been discovered as the 
result of a skin test of the child, 


which had been ; 
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made for this In all three cases, the 
mother was young and had very likely been in- 
fected herself at a period when streptomycin- 


reason. 


resistant organisms were frequently encountered. 
But precise information is lacking for all of the 
three mothers concerning the date of tuberculin 
“conversion” and contact. In only one of the 
mothers were the tubercle bacilli from the sputum 
studied, and that was only after several months 
of treatment, including streptomycin, at which 
time the strain showed resistance of the same 
order as the bacilli from the child. 

It seems that we are now entering a second 
period in which “second-hand” resistance may be 
seen more often. 

The clinical significance of this streptomycin 
resistance was all too obvious in this patient- 
group. As appears from the summary of clinical 
cases (and table 4) before isoniazid was routinely 
used from the beginning of treatment, all children 
but one (2.L.M/.) who had meningitis due to 
streptomycin-resistant organisms died as quickly, 
or almost as quickly, as they would have had they 
received no treatment at all. Such was the case 
for 8 children admitted between 1949 and 1952: 
death occurred after sixteen to twenty-eight days 
in 6, after thirty-three days and two months in 
2 others. When the diagnosis had been made late, 
and the child was treated while already in coma, 
this course was not too surprising to the phy 
sician. In several cases, however, the drug re 
sistance was evident when the child was treated 
while still alert and conscious, as was the case, 
for instance, for children 1/7. C., D. C., and N. G. 
No instance has been seen in which streptomycin 
had no effeet when started early, except those 
eases in which resistance could be proved in 
vilro 

With respect to the only child who recovered 
these conditions (2. L. M.), the following 
1) Treatment was started very early, 


under 
occurred 
tuberculous meningitis having been discovered al 
most by chance before any clinical symptoms were 
present; (2) the organisms were the least resistant 
of the whole group; the culture was inhibited by 
5 y of streptomycin per ml., a concentration of 
drug which could be reached at least by local treat 
ment; (3) very intensive therapy was given as 
soon as the presence of drug resistance was known, 
with two intrathecal injections per day of strepto 
mycin and PAS; (4) the evolution excep 
tionally long, in spite of early and intensive ther 
apy; cultures of the cerebrospinal fluid were again 
positive for tuberele bacilli after two and one 


was 


DRUG-RESISTANT 
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half months of treatment, and a new tubercle was 
seen in the choroid after three months. 


At the end of 1952, there has been no instance 
in which resistance to streptomycin could have 
been suspected clinically, although several cases 
were still seen every year. It so happened that 
all strains but one were isolated from uncompli- 
cated primary tuberculosis, rather than from 
meningitis, in which in most cases an uneventful 
recovery could be expected anyhow. Moreover, 
all of the children were treated with isoniazid 
and PAS and not with streptomycin. However, 
in 1957, 2 strains were found to be resistant to 
both streptomycin and isoniazid. In one case of 
meningitis in 1954, a strain moderately resistant 
to streptomycin was isolated; but, here again, 
treatment included isoniazid and PAS, and re- 
sistance was not suspected clinically, in con- 
trast to what had always happened before iso- 
niazid was available. 

In the streptomycin treatment of tuberculosis, 
in general there are few examples that show the 
significance of resistance as clearly as those first 
cases of meningitis. The regularly fatal outcome 
of the untreated disease in a few weeks makes 
indisputable the lack of efficiency of the treat- 
ment. On the other hand, when the diagnosis is 
made early, streptomycin can be expected to 
show its effects so quickly and regularly that re- 
sistance of the organism is evident in a few days 
when the child gets worse under correct treat- 
ment. And, in such cases, when drug resistance is 
found in tubercle bacilli isolated early in the 
clisease, there can be no suspicion that it might 
have been a consequence rather than a cause of 
the failure of treatment. 

In resistance to isoniazid, the situation might 
be somewhat more complicated, as organisms of 
a high degree of resistance have been shown to 
have decreased pathogenicity for laboratory 
animals. 

Some clinical observations could be interpreted 
as indicating a similar diminution of pathoge 
nicity for human beings. Such was the case of 
FE. B., whose course has been reported in detail 
elsewhere (4). This 
highly resistant to streptomycin and _ entirely 


child, who had organisms 


susceptible to isoniazid, was found to have been 
infected by a patient, Vr. H., with organisms of 
the same resistance to streptomycin but partially 


335 
The 
m 
‘in in| 
so as 


3356 


TABLE 8 


CoMPARATIVE STUDY OF THE DRUG SUSCEPTIBILITY 
OF THE STRAINS FROM PATIENT E. B. AND FROM 


Hits ConTaMINATOR, Mr. H. 


Inhibition by Drug Concentrations in 
y per 


Streptomycin Isoniazid 


E. B. >1,000 0.015-0.03 
Mr. H >1,000 1-10 
H37Rv <0.25 0.015-0.06 


resistant to isoniazid as well (table 8). This un- 


expected finding could have three explanations: 


(1) Resistance to isoniazid could have developed 
in the strain of Mr. H. after he had infected the 
child, as his sputum was only cultured later. 

(2) Nonhomogeneous resistance could have 
easily been found in the rich culture from the 
specimen of the source case and might not have 
been present in the particular subcultures of the 
few colonies obtained from the gastric lavage of 
the child. 

3) The 


geneous in its 


Vr. H. being nonhomo 
resistance to isoniazid, the 
resistant organisms (and the most pathogenic 
rather than the most resistant organisms) may 
have developed selectively in the lesions of the 


child 


strain from 


less 


\lthough the first two hypotheses could by no 
means be disproved, the third explanation ap- 
peared quite likely in the light of experiments in 
which mice received a similar number of organ- 
isms from the whole strain from Vr. H. (about 
one-tenth of which was resistant to isoniazid) and 
from a subculture resistant to 1 y of isoniazid 
per ml. selected tn vitro from this strain. The 
resistant part of the strain was found to be much 
less pathogenic for mice than the whole strain. 
Moreover, only susceptible organisms were re- 
covered from the lungs of the mice that died 
fifty-three to seventy days after being infected 
with the whole strain from (4) 

Despite encouraging observations from the 
laboratory and a few from clinical experience, the 
situation with respect to infection of children with 
strains initially resistant to isoniazid cannot be 
said at present to be in any way different from 
that which has been seen with streptomycin re 
sistance concerning infection of children. 

\ lag-period has been seen similar to that men- 
tioned for streptomycin-resistant organisms. In 


1952, a few months after isoniazid had become 
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available, organisms resistant to this agent were 
found in treated patients. It was only in 1957, 
five years later, that resistant organisms were 
found in recently infected children. But such 
cases had already been reported elsewhere, the 
first from Scotland by Murdoch and Grant in 
1955 (5) and from Germany by Klemm and 
Meissner in 1956 (6). 

As for the frequency with which infection 
occurs with isoniazid-resistant strains, a general 
statement cannot yet be made. Few large series 
have been published at present. In young un- 
treated adults, the prevalence of isoniazid-re- 
sistant strains has about 1 per 
less in the United States (7-10), in Great Britain 
(11, 12), and in Germany (13). It has been higher 
in children in some French reports (14-17). 

In the present study, except for a partially 


been cent or 


resistant bovine strain from a cervical lympha- 
denitis, isoniazid-resistant organisms were never 
found before 1957 in a child who had received no 
chemotherapy. But in 1957, 4 of 16 strains iso- 
lated from children with recent primary tuber- 
culosis as yet untreated were resistant to 
isoniazid, 2 of which were resistant to strepto- 
mycin as well. Of course, such a small number 
does not allow calculation of a percentage and 
it is fair to state that, if 16 strains only were 
isolated actually before treatment, a total num 
ber of 65 strains altogether were isolated from 
primary tuberculosis that same year, 57 of which 
were entirely susceptible to isoniazid. Six were 
resistant to isoniazid according to the present 
them treat 
resistant were 


definition (4. of isolated before 
ment).4 As the 2 


isolated after treatment with isoniazid had been 


strains which 
started were the first to be studied from these 
children, it is impossible to know whether these 
had infected with 
strains or whether their tubercle bacilli had de 


two children been resistant 
veloped resistance while they were being treated 
It can be stated only that infection with isoniazid 
resistant organisms has occurred in the present 
group of patients with a frequency of 4 to 6 ol 
65, that is to say between 6 and 9 per cent. This 
is more than has been found in most other analy 
ses. Nevertheless, as with streptomycin, it re 
mains much below the percentage of resistant 
strains in adults treated with isoniazid who re- 


main infectious. 


‘Two others, from children who had been treated! 


with isoniazid, were resistant to 0.1 y, but not to 
1 y of isoniazid per ml. 
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The 4 patients infected with isoniazid-resistant 
organisms had primary tuberculosis which can- 
not be said to be different from the usual cases. 
One had collapse of a portion of the lung and 
another had a pleural effusion. 

Can the conclusion be drawn 
creased pathogenicity of 
strains of tubercle bacilli is limited to laboratory 
animals? The present study does not allow any 
such statement. In fact, it should be emphasized 
that, in contrast to the strains often found in 
adult patients, none of the strains isolated in 
children before treatment were resistant to more 


that the de- 
isoniazid-resistant 


than 1 y of isoniazid per ml.; neither were any of 
them homogeneous or catalase negative, except 
for the one bovine strain from a patient with 
cervical adenitis which was of doubtful signifi- 
cance. To be sure, highly resistant, catalase- 
negative strains have been shown by other workers 
to be able to infect human beings (6, 7). But it is 
still a possibility that this might be and remain an 
exceptional event, in spite of the frequent occur- 
rence of such strains in adults treated with iso- 
niazid. 

Does this mean that the infection of children 
with tubercle bacilli resistant to 1 y of isoniazid 
per ml. is an event of no practical importance, 
being no different, in the eventual outcome, from 
infection by the usual drug-susceptible organ- 
isms? The present study gives no information on 
this matter. Nothing can be told of the efficiency 
of the treatment from 4 cases of primary tuber- 
culosis of no special severity, and no meningitis 
due to such tubercle bacilli has yet been seen. 
But we have indeed seen, in 2 cases, isoniazid 
resistance of just the same type in children with 
with and 


treated isoniazid, 


from then on, isoniazid proved devoid of any 


meningitis being 


activity. These 2 cases will be briefly recorded. 


Alain B. was a 3-year-old boy who had been 
treated for a month with streptomycin and iso- 
niazid for very severe miliary tuberculosis, when 
he developed meningitis. Tubercle bacilli were 
never found in the cerebrospinal fluid, but those 
from the gastric lavage at the time when the 
meningitis began were resistant to 1 y of isoniazid 
per ml. and were inhibited by 10 y per ml. In 
spite of the early diagnosis and the intensive 
treatment, the child’s disease progressed, and he 
eventually died 


Jocelyne G. was treated for tuberculous menin- 
gitis for seven months with streptomycin, iso- 
niazid, and PAS when she started to get worse 
under treatment and was sent to the hospital. 
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She was found to have staphylococcal super- 
infection, but at the same time 6 different cultures 
of the cerebrospinal fluid were positive for tubercle 
bacilli over the next three months, all of which 
showed the bacilli resistant to 1 y and susceptible 
to 10 y of isoniazid per ml., as well as normally 
susceptible to streptomycin. The treatment 
proved of no value, and the child died after a 
total evolution of nine months. 


SUMMARY 

li 
from children with primary tuberculosis, 394 were 
isolated from patients who had not been treated 
with streptomycin, and 18 of these were resistant 


a study of 687 strains of tubercle bacilli 


to streptomycin. There has been a lag-period of 
three years between the time when streptomycin 
became available in France and the appearance 
of the first cases of initial resistance to strepto- 
mycin in untreated patients. In 1952, the inci- 
dence of infection with streptomycin-resistant 
tubercle bacilli in this hospital service was seen 
to increase so as to reach one of 33. Since then 
and coincidentally with the introduction of ison- 
iazid, this increase has been stopped, and the 
over-all incidence is about 5 per cent. 

Since 1955, 3 cases have been seen of children 
infected with streptomycin-resistant tubercle 
bacilli whose infection had been contracted from 
untreated mothers. Although precise information 
is lacking about the history of the mothers and 
the susceptibility of the tubercle bacilli from 
their sputum, it should be noted that all three 
were young and had very likely been contami- 
nated at a period when streptomycin-resistant 
organisms were frequently encountered. 

Infection with strains highly resistant to isoni- 
azid and of decreased pathogenicity for guinea 
pigs has been observed by several writers. In 
the present series, a lag-phase has been seen for 
isoniazid, as with streptomycin, between the time 
when the drug became available and the appear- 
ance of resistant strains in untreated children. In 
1957, for the first time, 4 isoniazid-resistant strains 
have been found in untreated patients which 
were of a degree of resistance that is of clinical 
significance. 

This leads to the conclusion that the infection 
of nonallergie children with strains of tubercle 
bacilli resistant to drugs available at present is an 
actual fact, the clinical significance of which is 
now well proved. This danger should not be dis- 
regarded because it does not become evident in 
the first years after a new drug becomes avail- 


able, as its occurrence is postponed and limited 
by the fact that untreated patients remain the 
main source of contact. Such infections with drug- 
resistant tubercle bacilli have now been shown 
not only for streptomycin, which has now been 
available for more than ten years, but with isoni- 
azid as well. The importance of this hazard makes 
it as necessary as ever to use multiple-drug 
therapy and to isolate patients who continue to 


discharge tubercle bacilli in the sputum. 
SUMARIO 
Infeccién Inicial de los Niitios por Cepas de Bacilos 
Tuberc ulosos 
en un estudio de 687 cepas de bacilos tubercu 
losos procedentes de nifos que tenian tuberculosis 
304 


habian sido todavia tratados con estreptomicina \ 


primaria, se aislaron de enfermos que no 


IS de las Gltimas fueron resistentes a la droga. 
Hubo un periodo de interrupcién de tres anos 
entre la fecha en que se introdujo la estrepto 
micina en Francia y la aparicién del primer caso 
de resistencia inicial a la estreptomicina en enfer 
1952, 


en la incidencia de la infeccién por bacilos tuber 


mos no tratados. se observé un aumento 
culosos estreptomicinorresistentes en el servicio 
hospitalario del A., hasta aleanzar a uno de cada 
33 enfermos. Desde entonces vy coincidiendo con 
la introduccién de la isoniacida, se ha contenido 
ese aumento vy la ineidencia global es aproximada 
mente de 5 por ciento. 

Desde 1955, 


infectados 


se han observado 3 casos de nifos 


con bacilos tuberculososos estrepto 


micinorresistentes cuyva infeccién se habia con 


traido de madres no tratadas. Aunque se carece 
de informacién precisa con respecto a la historia 
de las madres y la susceptibilidad de los bacilos 
tuberculosos obtenidos del esputo de éstas, hay 
que sefalar que las tres eran jévenes vy con toda 
probabilidad se habian contaminado en una época 
en que se encontraban frecuentemente microbios 
estreptomicinorresistentes. 

autores han observado infeccién 


Varios por 


cepas susaamente resistentes a la isoniacida v 


cuya patogenicidad se ha atenuado para los 


cobayos. En la serie actual, se ha notado una fase 
de interrupeién, lo mismo que con la estrepte 
micina, entre la fecha en que se introdujo la droga 
v la aparicién de cepas resistentes en nifios no 
tratados. En 1957, se han deseubierto, por primera 
vez, 4 cepas isoniacidorresistentes en enfermos no 
tratados, que poseian una resistencia dotada de 
importancia clinica 

Este nos lleva a la conelusién de que la infee 
cién de nifos analérgicos con cepas de bacilos 


tuberculosos resistentes a las drogas disponibles 
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actualmente es un hecho real, cuya importancia 
clinica esté va demostrada. No debe desatenderse 
este peligro por no manifestarse en los primeros 
anos de la introduccién de una droga nueva, dado 
que su aparicién se ve demorada y limitada por el 
hecho de que los enfermos no tratados contindan 
siendo el principal foco de contacto. La existencia 
de esas infeeciones por bacilos  tuberculosos 
farmacorresistentes ha quedado va demostrada 
no tan sélo para la estreptomicina, que se halla 
disponible desde hace mas de diez anos, sino tam- 
bién para la isoniacida. La importancia de este 
riesgo hace que sigan siendo necesarios la _poli- 
farmacoterapia vy el aislamiento de los enfermos 
que contindan expulsando bacilos tuberculosos en 


el esputo. 


{ESUME 


Tuberculose initiale de Venfant due a des bacilles 


résistants a la streptomycine ou a Visoniazide 


Dans le cadre d’une étude sur 687 


souches de bacilles tuberculeux isolés chez des en- 


portant 


fants atteints de tuberculose initiale, 394 souches 
sont ici retenues parce que isolées chez des ma- 
lades n’ayant jamais regu de streptomycine, et 
IS d’entre elles étaient cependant résistantes 4 
la streptomycine. Une période de latence de 3 ans 
s’etait écoulée entre le début de l'utilisation de la 
streptomycine en France et la premiére de ces ob- 
servations de résistance initiale 4 la streptomy- 
En 1952, la 
fréquence des contaminations par des bacilles 


1/33. 


cine chez des malades non traités. 


résistants A la streptomycine atteingait 
Depuis lors, coincidant avec 
lisoniazide, cette fréquence a cessé d’augmenter; 
elle est globalement de 5% environ. 

Dépuis 1955, 3 cas de contaminations par des 
bacilles résistants 4 la streptomycine ont été 
observés dans lesquels l’agent contaminateur, la 
mére, n’avait pas regu de streptomycine. Les ren- 
seignements précis manquent sur l’histoire de ces 
jeunes méres et sur la sensibilité des bacilles de 
leurs expectorations. Toutefois il faut remarquer 
qu’elles ont trés vraisemblablement été contami 
nées 4 une époque ot les bacilles résistants A la 
streptomycine étaient déja répandus. 

Différents auteurs ont montré la possibilité de 
contamination humaine par des bacilles haute- 
résistants A l’isoniazide dont le pouvoir 
Dans la 


ment 
pathogene pour le cobaye est atténué. 
statistique rapportée, comme avec la_ strepto- 
mycine, une période de latence a existé entre 
l’introduction de l’isoniazide et l’apparition de 
médicament chez des 


souches résistantes A ce 


enfants non traités. 
isolées pour la premitre fois dans ces conditions 4 


souches dont la résistance 4 l’isoniazide est suffi- 


Vintroduction de 


C’est en 1957 qu’ont été! 


(6) 
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sante pour risquer d’avoir des conséquences 


cliniques. 
La conclusion qui se 
réalité des contaminations d’enfants allergiques 


dégage est d’abord la 
par des souches de bacilles tuberculeux résistants 
aux médicaments dont nous disposons, résistance 
dont les conséquences cliniques sont par ailleurs 
bien démontrées. Ce danger ne doit pas étre 
méeconnu parce qu’il ne se manifeste pas dans les 
premitres années qui suivent |’introduction d’un 
nouveau médicament, car son apparition est retar 
dée et limitée par le fait que les malades non en 
core traités demeurent la principale source de con 
tagion. Ces contaminations par des bacilles résis- 
tants ont été démontrées non seulement A l’égard 
de la streptomycine, utilisée maintenant depuis 
plus de dix ans, mais aussi bien a l’égard de 
Visoniazide. L’importance de ce risque rend aussi 
impérieuse que jamais la nécessité d’utiliser des 
associations médicamenteuses et d’isoler les ma 


lades dont l’expectoration reste bacillifere. 
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I. The Problem and Its Historical Background 
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INTRODUCTION 


The progressive decline of tuberculosis mortal- 
ity and morbidity in most countries during the 
past fifty years has been due to improvements 
have 

and 


which 
resulted in a likelihood 
magnitude of infection and a betterment of the 


and medical 


reduction of the 


social, economic, 


prognosis of the disease when it does occur. These 
defenses against tuberculosis are by no means 
absolute. Social and economic bulwarks against 
a disease can be erected and maintained only in a 
socially and economically healthy society, and 
they are rapidly breached by conditions of war 
other health 
measures and medical intervention can be fully 


and disaster. Similarly, public 
effective only in a stable society. This is especi 
ally true of tuberculosis, whose causative agent 
frequently develops resistance to antibacterial 
drugs, and whose treatment is often long and 
expensive. Tuberculosis has therefore remained a 
major public health problem in many economi- 
cally depressed and politically volatile parts of 
the world, and the decline of its incidence in such 
areas, although encouraging in many instances, 
has not been sufficiently great to permit an 
optimistic prediction of its early eradication in 
most underprivileged countries. 

Where social and economic conditions have 
been good for some time, the reduction in the 
occurrence of progressive tuberculosis has never- 
theless not been so great as to suggest that it will 
shortly rarity. 
tuberculous infection, as indicated by tuberculin 
hypersensitivity, is still common, and there has 


become a medical Moreover, 


been no perceptible diminution in the virulence 
of bacilli isolated from fresh human and veteri- 
nary cases. The danger of a large outbreak of 
tuberculosis following a national or international 
disaster thus remains real in the most favored 
areas. Even where the risks of developing pro- 
gressive disease become very moderate for the 
general public, they are likely to remain high for 
‘From the Department of Bacteriology, Uni- 
versity of California, Berkeley, California. 
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a much longer period of time among special 
population groups, such as hospital and institu- 
tional personnel and children of tuberculous 
parents. And, despite the recent availability of 
specific and effective therapeutics, its insidious 
onset and chronic nature frequently still make 


tuberculosis an economically and _ socially, as 
well as a physically, debilitating illness. There- 
fore, as long as tubercle bacilli are ubiquitous in 


the safeguards against tuberculosis 
communal 


an area, 
should not be limited to 
aimed at reducing the chance and size of infee- 
tion, but should also include all available means 
to maintain and enhance high levels of individual | 


measures | 


resistance. 

It is thought by many workers in the field of 
tuberculosis that 
stances influence the rate of incidence of the 
disease not only because they affect the extension 


social and economic circum- 


or shrinking of the reservoirs of infection, but | 
also because certain factors closely bound to the 
socio-economic health of a community, such as 
nutrition, working conditions, and mental strain, 


directly affect individual resistance. Such factors ” 


do not, however, readily lend themselves to | 
immunity-enhancing manipulations. Their pre- 
cise role in individual resistance is not understood 
and, at any rate, they are least likely to be sus- 
ceptible to improvement under the very circum- 
stances which most favor the spread of the . 
disease. Individual defenses against tuberculous 
disease directly related to environment cannot, 
therefore, be considered a second line of defense 
to the environment-dependent, communal de- 
fenses against tuberculous infection. In contrast, | 
it has proved possible to lower significantly the 
incidence of tuberculosis by vaccination proce- [ 
dures, not only in regions where high standards 
of living and public health prevailed, but also 
where these environmental conditions were poor. 
Antituberculosis vaccination therefore | 
been employed to a considerable extent, especi- 
ally in countries with high tuberculosis rates. 
Certainly in such areas, and among highly ex- | 
any community, vaccination 


has 
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VACCINATION 


should remain an essential component of prophy- 
laxis for some time to come. It has been sug- 
gested, moreover, that vaccination will become 
increasingly important for the general public as 
the incidence of tuberculosis decreases, and 
should be considered a necessary adjunct to all 
other public health measures (1). This opinion is 
based on the consideration that a reduction in the 
incidence of tuberculosis would also reduce the 
the acquisition of 


immunity by subclinical infection, and would, 


opportunities for specific 
furthermore, permit the number of genetically 
more susceptible persons to increase; the preven- 
tion of tuberculosis in such a community would 
consequently depend increasingly on environ- 
mental defenses, whose collapse would expose an 
intrinsically vulnerable population to disease. 
The that specific attempts to heighten 
individual resistance by vaccination have already 
become superfluous in many countries, and will 


view 


soon become universally obsolete, thus appears 
to be very premature. 

Vaccination against tuberculosis is relatively 
inexpensive, and has proved practicable even 
under adverse environmental conditions, in 
which early diagnosis and isolation, treatment, 
and controlled rehabilitation are virtually im- 
possible. That it has not been accepted univer- 
sally in view of its established efficacy stems 
from the fact that the disadvantages inherent in 
the presently employed vaccines are held by 
many to outweigh their advantages, especially in 
parts of the world where vaccination is not the 
only antituberculosis measure feasible. 

Attempts to induce 
against tuberculosis by specific vaccination were 
initiated shortly after the discovery of the 
tubercle bacillus by Koch in 1882. Four distinct 
types of vaccines were studied in the eariy experi- 
ments: preparations consisting of small numbers 
virulent tubercle bacilli; mycobacteria 


protective immunity 


of living, 
isolated from nonmammalian species; attenuated 
avirulent variants of originally virulent 
strains; and tubercle bacilli 
killed by a variety of physical and chemical 


and 
preparations of 


methods. 
The first of these 
never widely tested, and has been discarded as 


categories of vaccines was 


too hazardous; the second was abandoned early 
as ineffective; and only vaccination with a num- 
ber of living, attenuated strains and with certain 
nonliving preparations has been shown con- 
sistently to bestow a significant degree of en- 
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hanced resistance on laboratory and domestic 
animals, and on man. Only one of these vaccines 
has been used to any extent in man, however: 
the attenuated bovine culture known as BCG. 

The efficacy, safety, and general desirability 
of BCG vaccination have been the most contro- 
versial topics of the past thirty-five years, and 
unfortunately also issues in which vehemence of 
argument has gone hand in hand with a singu- 
lar paucity of convincing data, despite the fact 
that more than 100,000,000 people have already 
The current status of BCG 
vaccination has been summarized most fairly by 
D’Arcy Hart and associates in their introduction 
to a report on the preliminary results of a BCG 
trial initiated by the Medical Research Council 
in England in 1950: 


been vaccinated. 


Moderate opinion of B.C.G. in Britain and 


in the U.S. 
marized as follows: (1) it gave some protec- 


A. in 1949 might have been sum- 


tion in those specifically exposed to tubercu- 
lous infection in their homes or at work; (2) it 
could be expected, at least in general popula- 
tions with low standards of living and high 
tuberculosis rates, to reduce the incidence of 
tuberculous disease appearing within a few 
years of a natural first infection with the 
tubercle bacillus; (3) despite the evidence of 
previous trials, the degree and 
duration of protection, and the contribu- 
tion to the that 
might be made by widespread vaccination of 
community, with well- 
developed and 
tively low incidence and mortality, should 


however, 


control of tuberculosis 
an industrialized 


tuberculosis services rela- 


still be regarded as problematical. (2) 


The Medical Research Council trial appears 
to be the most adequately designed and con- 
trolled evaluation to which BCG has yet been 
subjected, and the results already published pro- 
vide persuasive evidence that BCG vaccination 
can still further lower the incidence of tubercu- 
losis in an area where high standards of living, 
hygiene, sanitation, and medicine have already 
succeeded in greatly curtailing its prevalence. 

Also included in the British trial was a group 
vaccinated with another living vaccine, the vole 
bacillus, a Mycobacterium causing a naturally 
occurring disease in voles, which was discovered 
by A. Q. Wells in 1937 (3). The efficacy of vole 
bacillus appeared to be of the same order as 
BCG, but complications following vaccination 
were more frequent. The results of trials with the 
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vole bacillus in other countries agree, on the 
whole, that its protective activity is comparable 


with BCG. A possible, potential advantage of 


vole bacillus vaccine—that, originating from a 
strain not naturally pathogenic for man and 
domestic animals, it is unlikely to undergo a 
“reversal” to virulence—is vitiated by the greater 
frequency of persistent local lesions following its 
administration, and also by reports which indicate 
that it initiates progressive disease in animals 
more readily than BCG when injected in very 
large quantities. In an evaluation of the merits of 
living “attenuated” or nonvirulent vaccines, 
BCG and vole bacillus may therefore be con- 
sidered as one. 

The advantages given by these living vaccines 
lie not only in their reduction of the incidence of 
tuberculosis, but also in the fact that vaccinated 
persons who nevertheless do develop progressive 
disease appear to be protected against its most 
serious forms, miliary and meningeal tuberculosis 
(2, 4, 5). The degree of protection elicited by 
living BCG and by vole bacillus may not be far 
below the maximal degree of immunity which 
can possibly be bestowed by artificial means, 
for tuberculosis, whether of exogenous or 
endogenous origin, occurs only too frequently 
among survivors of a first, disease-causing infec- 
tion. There are, however, a number of serious 
drawbacks inherent in any vaccine against tuber- 
culosis consisting of living tubercle bacilli of 
attenuated strains or of strains not usually 
pathogenic for man and domestic animals in 
limited quantities. The arguments against vac- 
cination with living vaccines have been reviewed 
in recent years by Myers (6), Wilson (7), Weiss 
(8), and others. Their most serious disadvantages 
are summarized briefly for the purpose of this 


discussion: 


1. The different strains of BCG and vole 
bacillus in use today, and in the past, vary 
considerably in their immunogenicity and in 
the frequency with which complications fol 
low their administration. These variations 
make it difficult to predict the effects of vac- 
cination (and have been responsible to a 
large extent for the inconsistency of the 
results obtained by different investigators in 
separate trials). It is difficult, moreover, to 
standardize a living preparation. Minor vari 
ations in preparatory procedure and in the 
reconstitution of lyophilized cultures often 
result in the death of the bacilli; this is likely 
te destroy the efficacy of the preparation be- 
cause the antigenic mass contained in the 


WEISS 


usual doses of living vaccines is small, and 
their protective activity depends on a further 
elaboration of immunogenic antigen in vivo. 

2. Several cases of progressive, fatal tubercu 
losis initiated by the BCG organism have 
been reported. While the number of such 
deaths has been very small in relation to the 
total number of vaccinated persons, they must 
be looked upon as the result of a procedure 
which, at best, confers only limited protection 
against a disease for which specific therapy is 
now available. As it is difficult to prove con 
clusively that tuberculous disease occurring 
after BCG vaccination is indeed caused by 
the BCG organism, the actual incidence of 
disease and death due to BCG vaccination 
may well be much greater than is indicated 
by the several well-documented cases reported 
in the literature. Some support for this view 
is drawn from the observation that BCG be 
haves as a virulent organism in animals ex 
perimentally rendered silicotic or subjected 
to sudden, acute nutritional imbalances. 
Other dangers inherent in vaccination with a 
living attenuated organism are the _ possi- 
bility, albeit a slight one, of reversal or muta- 
tion to greater virulence; contamination of 
batches of vaccine with another living micro 
organism; and accidental administration of a 
culturally and morphologically similar, but 
fully virulent, strain of tubercle bacilli. Fur- 
thermore, the not infrequent development of 
persistent local skin and lymphatic lesions 
after BCG and vole bacillus administration 
tends to cause a natural reluctance of affee 
ted persons to subject themselves to other, 
more urgent vaccinations. 

3. Perhaps the most convincing argument 
against vaccination with attenuated strains of 
tubercle bacilli (or vole bacillus) is that they 
render the recipient tuberculin hypersensi- 
tive, and thereby deprive physician and epi 
demiologist of their most useful diagnostic 
tool. Its early detection of infection in any 
part of the body, its specificity and cheapness 
make the tuberculin test a superior diag 
nostic procedure to chest roentgenography, a 
view strengthened by the recent hesitation of 
clinicians to subject healthy persons to re- 
peated X-irradiation. The loss of a good diag 
nostic test as the result of a vaccination pro- 
cedure can be considered fully justifiable only 
when the incidence of the disease is high or 
when the vaccination confers full and long 
lasting protection. Protection of such an 
order is not afforded against tuberculosis by 
any known vaccine, and, as the incidence of 
tuberculous infection continues to deciine, the 
tuberculin test is becoming increasingly 
significant diagnostically. The value of an 
early diagnostic procedure for tuberculosis has 
been enhanced during the last decade by the 
availability of effective chemotherapeutics, 
whose employment early in the disease process 
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not only guarantees recovery for most in- 
fected persons, but also in many instances 
arrests the disease before extensive tissue 
damage and functional inecapacitation are 
caused. 


It is these disadvantages which have led many 
investigators, especially in the United States, to 
disregard vaccination as a measure of tubercu- 
losis control. If, however, a vaccine possessing 
efficacy of the same order as BCG but devoid of 
its defects could be made available, it is more 
than likely that the entire question of anti- 
tuberculosis vaccination would be re-examined, 
with the strong possibility that such vaccination 
would be adopted much more widely than BCG 
is today. The crucial question, therefore, is: Can 
such a vaccine be developed? 

The answer is “Yes.’”’ Over the past sixty 
years, well over 200 reports have appeared in the 
Western European, 
literature dealing with the employment of non- 


American, and Japanese 
living vaccines against tuberculosis. The majority 
of these have shown that vaccines prepared 
from tubercle bacilli killed by a variety of chemi- 
cal and physical means, or from several of their 
chemical constituents, can be as effective in a 
variety of laboratory and domestic animals, and, 
indeed, in man, as living vaccines of the BCG 
type. There have been a number of limited, but 
nevertheless — statistically significant, 
human trials in Italy and Jamaica, and smaller 
tests in Germany, Great Britain, Japan, and the 
United States, and the results have provided 


highly 


evidence not only of the efficacy of several types 
of nonliving vaccines, but also of their innocuous- 
ness with respect to the low incidence of local 
lesions following their use. Nonliving vaccines 
also have the obvious advantages of complete 
safety and can be readily standardized and 
transported. In addition, persuasive evidence 
has been brought forward that the development 
of tuberculin hypersensitivity and heightened 
resistance to reinfection are independent conse- 
quences of infection by the tubercle bacillus (9). 
Only a nonliving vaccine lends itself to studies 
designed to separate the immunogenic moieties 
of the bacillus from the tuberculin-sensitizing 
ones, and it has, in fact, been reported by a 
number of investigators that laboratory animals 
could be endowed with considerable resistance 
against experimental tuberculous infection by 
certain nonliving vaccines which did not elicit 
tuberculin skin hypersensitivity. 


It is difficult to understand, then, why non- 
living vaccines have not been employed more 
widely in man and why the general climate of 
opinion for many years has been that only mini- 
mal protection could be elicited against tuber- 
culosis by the use of a nonviable vaccine (10-12). 
The answer is not found in the laboratory, be- 
cause the published data point so unmistakably 
to the immunizing efficacy of a variety of non- 
living preparations that the burden of proof lies 
with those who maintain that only living tubercle 
bacilli can evoke a significant state of acquired 
immunity. It is the purpose of this communica- 
tion to review the literature on antituberculosis 
vaccination with nonliving vaccines in the hope 
that such a review will encourage an objective 
reappraisal of their worth. The reasons for the 
prevalent condemnation of nonliving vaccines, 
which are rooted in the historic development of 
the concepts of immunity against infectious dis- 
ease and the rationale of protective vaccination, 
will then be discussed briefly. 


Review or LireRATURE 


This review of the literature is, of necessity, 
limited. Publications in Seandinavian, Slavic, 
and Oriental languages were often not readily 
available, and translations of articles in these 
languages posed a major difficulty. The review 
is therefore based almost entirely on reports 
written in English, French, German, and Italian. 
However, even this literature could not be re- 
viewed in its entirety. Occasional volumes of 
certain journals could not be obtained and, more- 
over, a number of reports on vaccination against 
tuberculosis with nonliving vaccines undoubtedly 
lie “buried” in communications on clinical, diag- 
nostic, and other aspects of tuberculosis research 
which were not exhaustively canvassed for 
pertinent references. This is especially true of the 
literature of the early years of tuberculosis 
research, when clear distinctions between pro- 
phylactic and therapeutic were 
frequently not drawn, with the result that bona 
fide immunization experiments were not uncom- 
monly reported in communications whose title 
and scope indicate, on casual perusal, a report 
dealing only with the curative properties of a 


experiments 


substance. 

Despite its limitations, however, the present 
review comprises the greater portion of the pub- 
lished studies on antituberculosis vaccination 
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with nonliving vaccines, and it does not appear 
likely that inclusion of the reports which could 
not be covered would materially modify the 
conclusions suggested by this inquiry. Reference 
to a few of the pertinent reports missed by the 
writer for one or another of these reasons has 
been made in the several partial reviews extant 
on this subject (see 30, 111, 118, 120, 129, 142, 
143, 184, 212, 224, 229, 250, 263). 

The 


studies concerned with demonstrably protective 


review has been restricted largely to 
effects of vaccination, i.e., as judged by the reac- 


tion of subjects to subsequent experimental 


infection, or natural exposure. Experiments 
concerned only with the production of antibodies 
or the development of skin hypersensitivity fol- 
lowing vaccination with nonliving preparations 
are mentioned only when they appear to be of 
special significance to the main topic under 
consideration. 

The literature is reviewed in chronologic order, 
except that work reported by one investigator 
over a period of years or closely related experi- 
ments of different workers have usually been 
discussed together. When a series of communica- 
tions has been based by an investigator on the 
same or similar data, sometimes only one or 
two of the reports have been cited, in the interests 
of brevity. For the same reason, it was impossible 
to present in any degree of detail the experimen- 
tal methods and results of many of the studies 
mentioned; this has only been done occasionally 
to illustrate particularly interesting or critically 
important aspects of technique or to present 
results representative of those obtained by a 
number of different workers employing similar 
experimental models. 


1889-1900 


The first attempts to protect animals against 
experimental tuberculous disease by vaccination 
with initiated 
almost immediately after the discovery of the 
tubercle bacillus. In 1889, Daremberg reported 


nonliving tubercle bacilli were 


that several rabbits which had been inoculated 
cultures of tubercle bacilli sterilized by 
heating for fifteen minutes at 115°C., or for six 


with 


hours at 70°C., survived longer after virulent 
challenge infection than did control animals; he 
also found that administration of the killed cul- 
tures after virulent infection had an inimical 
effect (13). Courmont and Dor (1891) studied 
the effects of vaccination by several routes with 
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filtrates of cultures of virulent and attenuated! 


avian tubercle bacilli on the resistance of rabbits 
and guinea pigs to subsequent infection with 
avian and human tubercle bacilli (14). They 
found various degrees of resistance in many of 
their animals, varying from complete immunity 
to marked prolongation of life over that of the 
infection controls. However, these writers did not 
provide evidence that their culture filtrates, ob- 
tained by passing cultures through porcelain 
filters, were completely free of living bacilli. It 
is interesting to note their emphasis on the 
experimental creation of a state of complete 
immunity (they speak, for example, of ‘a sure, 
practical, and infallible method’). Justified as 
such high expectations may have appeared in the 
first years after the breakthrough to a recognition 
of specific etiology and means of protection in 
the field of infectious diseases, they unfortunately 
established early a climate of opinion in which 
more moderate vaccination successes were held 
to be insignificant. Courmont and Dor and 
Straus (1895) (15) also referred to the works of 
Héricourt and Richet, who reported protection 
of rabbits with heat-killed human 
tubercle bacilli. 

In contrast, Trudeau wrote in 1894, apropos a 


avian and 


study of primary tuberculous lesions in the eye of 
rabbits, that “all attempts which I have made t 
protect rabbits with sterilized growths of the 
avian bacillus, whether killed by heat, light, time, 
or carbolic acid, have all proved negative” (16). 
Trudeau vaccinated his animals subcutaneously 
with avian bacilli and challenged them by intro- 
ducing virulent human bacilli directly into the 
eye; experimental details were not given. When 
vaccination was by repeated subcutaneous injec- 
tions of living avian bacilli of increasing virulence, 
the tuberculous process in the eye following in- 
fection with mammalian bacilli was retarded. In 
speaking of the altered course of ocular disease 
in the vaccinated animals, Trudeau considered, 
significantly, that “the principle upon which the 
relative immunity thus obtained rests seems 
analogous to that which has governed Pasteur in 
his the gradual 
habituation of the organism to a virus of greater 
virulence than that with which the test inocula- 
Numerous other investi- 


anti-rabies inoculation; i.e., 


tion is to be made.” 
gators have since based their philosophic and 
experimental approaches to antituberculosis vac- 


2 “Une méthode sire, pratique, infaillible.”’ 
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cination on the methods of Pasteur and Jenner. 
This frame of reference undoubtedly accounts to 
some extent for the early bias in favor of living, 
attenuated and for the premature 
abandonment by many investigators of attempts 
to induce immunity with nonliving preparations. 

Among the earliest demonstrations of the 
efficacy of nonliving vaccines were those of 
Koch (1897) himself (17). It had already been 
others (18-20) that many of the 
pathologic changes characteristic of tuberculosis 
could be produced with large quantities of killed 
tubercle bacilli. In confirming these observations, 
Koch called attention to the slowness with which 
tubercle bacilli, dead or alive, are “resorbed” by 
the body. He therefore developed the view that 
the chronicity of tuberculous disease and the low 


vaccines, 


shown by 


degree of acquired resistance which it bestows on 
survivors arose from the fact that immunogeni- 
cally effective quantities of tuberculo-antigens 
become readily available to the tissues only when 
the bacilli “rapidly disseminate through the body 
and interact with the living tissues.”* Unfortu- 
nately, such a bacillary pullulation usually occurs 
only when the disease process is too far advanced 
to be reversed by the development of immunologic 
defenses. Koch consequently sought to establish 
experimentally a level of immunogenic material in 
tissues capable of eliciting that state of immunity 
which, in the course of a natural infection, is 
evoked too late. Large quantities of intact, killed 
tubercle bacilli were indeed found by Koch to be- 
stow a high degree of protection on guinea pigs 
when injected by the intraperitoneal route, the 
vaccinated animals remaining free of tuberculosis 
after repeated challenge injections with living, 
virulent bacilli. The bacilli were not readily re- 
sorbed even when administered by this route, how- 
ever, and caused the death of many of the vac- 
cinated animals from regional inflammation and 
secondary complications. Administration of killed 
bacilli by other routes proved unsatisfactory for 
similar reasons. 

Therefore, Koch tubercle 
bacilli to a variety of treatments and fractiona- 
tion procedures in the hope of obtaining a more 
readily resorbable, nontoxic immunogenic moiety. 
Acid or alkali treatment of intact tubercle bacilli 
failed to produce an active material. A water- 
soluble obtained by grinding dried 


next subjected 


fraction 


'“Sich schuell im ganzen Kérper verbreiten 
und mit den lebeden Geweben in Wechselwirkung 
treten.’’ 
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bacilli with mortar and pestle was also inactive, 
but the which solubilized after 
further grinding and termed “Tuberculin R” or 
merely “TR,” proved capable of inducing a high 
degree of protective immunity in guinea pigs 
without the simultaneous evocation of local or 
systemic toxity. Two to three milligrams of the 
material were sufficient to bestow on guinea pigs 
complete protection against virulent infection. 
Tuberculin R obtained from young cultures of 
virulent strains was most effective, and Koch 
stressed the importance of protecting the mate- 
rial from light. The TR fraction was reported to 
be free of intact tubercle bacilli after it was 
redissolved in water; it would be difficult, at any 
rate, to ascribe the high protective activity of 
the preparation to a few residual living tubercle 


residue, was 


bacilli which were no longer capable of initiating 
progressive disease or even local abscess forma- 
tion. 

Koch also reported a high degree of thera- 
peutic activity by Tuberculin R (17). This 
and therapeutic 
attempts in Koch’s early communications was 
unfortunate, because the later disillusionment in 
the therapeutic potentials of TR and other 
“tuberculins” resulted in a simultaneous loss of 


association of prophylactic 


interest in the vaccinating potentials of such 
preparations. As shall be seen, other immuno- 
genically promising substances have frequently 
been abandoned when early reports of their 
therapeutic activities failed to win confirmation. 


1901-1910 


Pearson and Gilliland (1902) subjected two 
cows to repeated subcutaneous injections of a 
tuberculin preparation and then challenged them 
orally with virulent tubercle bacilli (21). They 
concluded that “it would appear that subcutane- 
ous injection of the toxin of the tubercle bacillus 
had some influence in increasing the resistance of 
the two cows fed tuberculous lung material.” 
Proceeding from the same assumption, that the 
direct toxicity of certain components of the 
tubercle bacillus plays a major role in the patho- 
-and therefore also the immunogenesis— 
Dembinski (1903) sought to 
protect rabbits against fatal intracerebral injec- 
tion of nonliving tubercle bacilli (22). He found 
that rabbits previously vaccinated with increas- 
ing quantities of powdered, dead bacilli (0.1 to 
1.0 mg.) withstood an intracerebral challenge 
injection of dead bacilli in quantities usually 


genesis 


of tuberculosis, 
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fatal to control animals (22). Maragliano (1903) 
also thought that the primary toxicity of the 
tubercle bacillus was a major factor in its patho- 
genicity, and considered both neutralization of 
the ‘“‘tuberculo-toxins” (‘“Tuberkelgifte’’) 
annihilation of the invading bacilli to be essential 
elements of antituberculosis immunity (23). In 


and 


experiments designed to accomplish the latter, he 
found the serum of experimental animals in- 
jected with aqueous extracts of tubercle bacilli 
to possess a high degree of bactericidal activity 
against tubercle bacilli. 

Neufeld (1903), working in Koch’s laboratory, 
was unable to immunize guinea pigs and goats by 
vaccination with heat-killed or powdered bacilli; 
he gave no experimental details, however, other 
than the statement that the animals tolerated 
deses of killed bacilli up to 50 mg. (24). Neufeld’s 
criterion of immunity was complete protection 
against the development of fatally terminating 
tuberculosis after challenge infection. He claimed 
to have obtained such a degree of immunity by 
vaccination with living human tubercle bacilli, 
but gave no information as to whether the killed 
vaccine had a significant, albeit lesser, protective 
activity. 

Basing his experiments on Pasteur’s observa- 
tion that sunlight sufficiently 
attenuates the virulence of the causative agent 
of chicken cholera to permit its use as a vaccine, 
Di Donna (1906)*killed tubercle bacilli by expo- 
sure to summer sunlight for seven days (25). He 
confirmed the sterility of the exposed cultures 
by guinea pig inoculation tests. Multiple sub- 
cutaneous injections of the killed material pre- 
vented the development of disease in a number of 
animals challenged one month later with tubercle 


exposure to 


bacilli exposed to sunlight for shorter periods of 
time, and still possessing enough virulence to 
induce disease in nonvaccinated controls. 
(Tangentially, the writer found the addition of 
oats to the diet to enhance considerably the 
animal’s resistance to tuberculosis.) In the same 
vear, Martin and Vaudremer (1906) published 
the results of experiments with defatted tubercle 
bacilli (26). Providing no experimental details, 
the writers reported that vaccinated guinea pigs 
occasionally lived longer, but that they eventu- 
ally succumbed to the experimental infection in 
most instances. Here, again, the high expectation 
of the workers for complete protection appears to 
have obscured the significance of a lesser, but 
still quite marked, degree of immunity. 
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In 1907 the first report appeared of a series of 
extensive investigations by Calmette and 
co-workers into the possibility of vaccination 
with preparations of killed tubercle bacilli. 
Calmette, Guerin, Breton (1907) killed 
tubercle bacilli by macerating them in saline, 
glycerin, or iodine; by exposure to alcohol or 


his 
and 


sodium hypochlorite; or by heating to various 

degrees of temperature for different periods of 

time (27). Glycerin and hypochlorite treatment 

failed to produce an immunogenically active sub- 

stance, but the other preparations were effective 

to various degrees in protecting guinea pigs 

against injections of virulent tubercle bacilli. The | 
significance of relatively minor variations in 
preparatory procedures to the efficacy of a 

preparation is well illustrated in one of these 

experiments: Guinea pigs were vaccinated by 

two administrations of heat-killed tubercle 

bacilli via an esophageal tube, forty-five days , 
apart. The first inoculum bacilli 

killed by heat at 100°C.; for the second vaccina- 

tion, bacilli killed in 

exactly the same manner, whereas others re- 

ceived bacilli killed by heating at a lower tem- 

perature, 65°C. All animals were infected by the 

same route forty-five days after the second 

administration of vaccine. The animals whose 

second vaccinations were with bacilli heated at 

65°C. showed a much greater degree of resist- 

ance, some failing to develop any evidence of 

tuberculous disease, than those who received 

both vaccinations with the boiled suspension. 

The controls in this experiment died within 

thirty-five to eighty days after injection. 

In 1908, Calmette and Guerin (28) reported 
that repeated intravenous injections of 500 mg. 
each of a tuberculin preparation protected 
cattle against subsequent intravenous injection 
with virulent tubercle bacilli, as shown by the 
absence of visceral lesions of the animals sacrificed 
sixty days after challenge. In a further publica- | 
tion (29), the investigators found that similar 
injection of cattle with heat- and 
precipitated tuberculin “retarded appreciably 
the development of the experimental tubercu- 
losis”; that a feeble degree of protection was 
bestowed on one heifer by an intravenous injec- 
tion of 20 mg. of heat-killed tubercle bacilli; and 
that injection of tuberculo-lipids gave no pro- 
tection. 

Despite the encouraging results obtained with 
some nonliving preparations, Calmette’s final 
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VACCINATION 


evaluation of nonliving vaccines was, surprisingly, 
a negative one. In a review of the literature of 
vaccination with tuberculins and bacillary frac- 
tions (1923), he summed up their prophylactic 
value by saying that ‘in animals free from infec- 
tion, preventive injections of raw or purified 
tuberculin, retard the 
development of the test infection only slightly, 
and are without immunizing power’ (30). His 
assessment of the immunogenicity of intact 
bacilli killed by a variety of methods was similarly 


even in large doses, 


unfavorable: 


In brief, none of the methods aiming at a 
more or less complete destruction, by physi- 
cal or chemical agents, of the vitality of 
tubercle bacilli in order to transform the 
latter into vaccine, have yet given satis- 
factory results. From the experiments along 
this line one had the impression nevertheless 
that the methods which do not alter the bacil- 
lary protoplasm too profoundly may have 
certain favorable effects upon resistance to 
severe infections. And if we bring these facts 
into relation with what we have learned of 
the protective influence exerted by a pre 
existing slight infection upon a subject al 
ready tuberculous, as regards superinfections, 
it is natural to think that antituberculous 
vaccination will have more chance of being 
effective if based upon the utilization of bacilli 
still alive, but deprived as far as possible of their 
ability to induce follicular lesions. (Calmette’s 
italies) (30) 


Bovine tubercle bacilli killed by exposure to 
25 per cent urea and then vacuum-dried were 
found by Levy, Blumenthal, and Marxner (1908) 
to afford a high degree of protection on rabbits 
against intravenous challenge with virulent 
bacilli of the same type (31). The killed bacilli 
were administered intravenously in 20 to 50 mg. 
(drv weight) quantities, and experimental infec- 
tion took place ten to eighteen weeks later. 
Unvaccinated rabbits succumbed to the infection 
within seven weeks. In contrast, the vaccinated 
animals were found to be free of tuberculosis 
when sacrificed two months after challenge. No 
effort was made to ascertain the sterility of the 
“killed” cultures, however. The writers also re- 
ported a prolonged survival after challenge in 
guinea pigs vaccinated with small quantities of 
tubercle bacilli “killed” by exposure to high 
concentrations of urea, glycerin, or galactose. 
Such preparations were also claimed to have 
therapeutic activities. In a further communica- 
tion, Marxner (1911) reported that bacilli killed 
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by heat for one hour at 70 to 7c. or shaken in 
80 per cent glycerin greatly prolonged the sur- 
vival of guinea pigs subsequently infected, and 
that these vaccines also exercised beneficial effects 
when given to animals already made tuberculous 
(32). Two milligrams of the killed preparation 
were found to be an effective vaccinating dose. 

Working with derivatives of chlorine-treated 
bacilli (“derives bacillaires chlores”), obtained 
from tubercle bacilli, Moussu and Goupil (1908) 
were able to protect guinea pigs, rabbits, and 
dogs by repeated subcutaneous or intravenous 
(33). 
heightened resistance to virulent challenge only 
when the vaccination-challenge interval was two 
months or more; when challenge infection was 
performed eight to twenty-one days after vaccina- 
tion, the progress of the experimental disease 
appeared to be hastened instead of retarded. This 
is one of the earliest references to the importance 
of the length of the vaccination-challenge interval 
in the assay of nonliving vaccines. 

Bartel and Neumann (1909) (34) and Bartel 
and Hartl (1909) (35) incubated virulent tubercle 
bacilli for long periods of time in lymph node and 
other organ emulsions. Filtrates of these mix- 
tures, obtained by passing them through porce- 
lain filters, were reported to be free of bacilli 
(although no data in support of this statement 
were presented) and capable of preventing the 
development of tuberculous disease in a few 
guinea pigs and rabbits after challenge infection. 
The writers declared that certain other “‘prophy- 
lactic” preparations were ineffective and actually 


vaccinations The preparation bestowed 


lowered the resistance of the animals. 

Beck (1909) reported the results of an observa- 
tion of four guinea pigs injected subcutaneously 
with an olive oil emulsion containing 2.5 or 5.0 
mg. of a lipid extract of human tubercle bacilli 
(36). The animals were challenged subcutane- 
ously eight days later and were found to have 
the same extent of disease when sacrificed six 
weeks after infection as the single control animal 
included in this experiment. Injection of the 
lipid extract into already tuberculous animals did 
not ameliorate the disease. Although this report 
hardly deserves serious attention, it has been 
cited by several later investigators as one of those 
studies which have proved (!) the inefficacy of 
vaccination with bacillary extracts. 

Deycke and Much (1909) found a preparation 
of tubercle bacilli “lysed” in lecithin (termed 


TB-L) protective for guinea pigs (37), and 


“d in 
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Hawthorn (1909) reported guinea pig protection 
with bacilli apparently dead after several days’ 
exposure to glycerin (38). In contrast, Hamburger 
(1909) was unable to either sensitize guinea pigs 
or protect them against virulent infection with 
tuberculin or killed or spontaneously dead tuber- 
cle bacilli; in reporting the experiment, he wrote 
that it was not worth while to provide details of 
these negative findings (39). 

Postulating that the bactericidal activity of 
living tissues may be due to their content of 
saponified fatty acids, Noguchi (1909) exposed 
tubercle bacilli to the antibacterial 
soaps (40). Guinea pigs vaccinated with the 


action of 


treated bacilli survived longer after challenge 
infection, and a number of animals remained com- 
pletely free of tuberculous disease. It was not 
clear, however, whether the treatment 
killed or only “weakened” the bacilli employed in 


vaccination. 


soap 


Rosenau and Anderson (1909) initiated a 
study to determine whether prolonged ingestion 
of heat-killed tubercle bacilli 
rence in European countries where the cooked 


“a common occur- 


carcasses of tuberculous cattle were approved for 
human consumption—affected future resistance 
to tuberculosis (41). Guinea pigs were fed for 
sixty days with large quantities of heat-killed 
tubercle bacilli suspended in butter and were 
then infected by the same route with virulent 
bovine tubercle bacilli. A control group of non- 
vaccinated animals was similarly infected at the 
same time. No differences were observed in the 
progress of the infection in the two groups of 
animals, 

In the course of an extensive and _ brilliant 
investigation in several areas of tuberculous 
immunity, Rémer (1909, 1912) and Rémer and 
Josef (1910) also investigated the possibilities of 
immunizing animals with killed, living attenu- 
ated, and living virulent tubercle bacilli (42-44). 
Without presenting much experimental data, 
Rémer and Josef (1910) dismissed both killed 
and living attenuated vaccines as generally in- 
effective, and concluded that only actual tuber- 
culous disease consistently elicits a clear degree 
of protection against a further episode of tuber- 
culosis (43). In discussing the heightened resist- 
first Rémer 
wrote: “The reality of immunity induced by 


ance of survivors of a infection, 
tuberculosis against tuberculosis is as much a 
law of nature as the development of immunity 


against smallpox through infection with vaccinia 
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virus.’ It is apparent from the context in which 


this statement is set that Rémer intended to 
emphasize therewith the regularity with which 
a state of heightened resistance is seen in sur- 
vivors of a first infection, but not that immunity 
can be acquired only, according to natural law 
(‘““Naturgesetz”’) as a result of actual disease. 
Unfortunately, however, this is precisely the 
connotation which has been given to Rémer’s 
“Gesetz”’ by later workers, and his reference to 
vaccinia strengthened still further the already 
prevalent belief that successful vaccination must 
be based on the use of living, and still partially 
virulent, organisms. Rémer’s impressions also 
influenced future thinking on tuberculosis im- 
munity and prophylaxis in other respects. He 
defined immunity as “that condition of an indi- 
vidual human or animal in which natural or 
artificial introduction of 
fails to cause death or any evidence of disease, in 


pathogens or toxins 


circumstances under which no such resistance is 
found in other individuals of the same or differ- 
ent species.”® (italics added) (43). Although 
Rémer actually qualified this absolute criterion 
of immunity in the case of tuberculosis by ad- 
mitting the manifestation of an immunity in the 
mere retardation of the disease process and the 
dependence of the effectiveness of such immunity 
on the severity of the experimental infection, he 
has nevertheless with the 
view that, in order to be worth while, artificially 
induced immunity must assure complete protec- 


become associated 


tion. Rémer and Josef also emphasized the diffi 
culty of obtaining statistically valid proof of the 
efficacy of vaccinating against a chronic disease, 
and in their final estimation of the value of vac- 
cination in the prophylaxis of tuberculosis they 
concluded that “this method of protective vac- 
cination would be unlikely toever become a widely 
employed weapon against human tuberculosis” 


(43). 


‘ “Die Tatsache der Immunitiét gegen Tuberku 
lose durch Tuberkulose genau so ein Naturgesetz 
ist wie die Infektion mit Vikzinevirus Immunitit 
gegen nachfolgende Pockeninfektion erzeugt.”’ 

5 “Den Zustand bei Mensch oder Tier, der darin 
besteht dass natiirliche oder kiinstliche Einver 
leibung von Krankheitserregern oder Krank- 
heitsgiften nicht den Tod oder keine nachweisbare 
Krankheit bei einem Individium zur Folge hat 
unter Bedingungen, unter denen wir bei anderen 
Individuen der gleichen oder einer anderen Art 
diesen Schutz nicht antreffen.”’ 

6“Kine solehe Schutzimpfungsmethode . .. 
kaum jemals ein allgemeines Bekiimpfungsmittel 
fiir die Menschentuberkulose werden wiirde.”’ 
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VACCINATION AGAINST TUBERCULOSIS WITH 


In 1909, Vallée reported that he was able to 
bestow a higher degree of protection on cattle 
with vaccines prepared from living tubercle 
bacilli than with preparations of bacilli killed by 
heat or iodine or with defatted tubercle bacilli 
(45). Vaccination with tubercle bacilli killed by 
oleic acid was found by Broll (1910) to increase 
greatly the life of guinea pigs after experimental 
tuberculous infection (46). Henri-Cernovodeanu 
and her co-workers initiated vaccination experi- 
ments with ultraviolet-killed tubercle bacilli in 
the same year, but no details of the experiments 
or their results were presented (47). Sieber and 
Metalnikoff (1910) reported the initiation of pro- 
experiments with tuberculo-lipids in 
with lecithin (48). The use of 
lecithin in this study was motivated by the 
writers’ interest in the high resistance of certain 


tection 
combination 


lecithin-containing tissues to tuberculosis, and 
their finding that the blood concentration of 
lecithin rose in tuberculous disease. 

Livierato, also in 1910, observed an increase in 
survival time, and occasionally a complete im- 
munity against the development of tuberculosis, 
in experimentally infected guinea pigs which had 
with 
tuberculous lymph nodes (49). The filtrates, 


been vaccinated filtrates of emulsions of 
which Livierato declared to be sterile, were also 


reported to have therapeutic effects on already 


established experimental tuberculosis. As the 
rationale for his experiments, Livierato cited 
Fontes’ observation (1909) that tuberculous 


lymph nodes of guinea pigs possessed bactericidal 
activities against tubercle bacilli (50). 


1911-1920 


Rather vague and ill-deseribed accounts of 
prophylactic and therapeutic trials with “soluble 
proteid constituents of tubercle bacillus with 
addition of a small amount of fatty extractives” 
(51) were published by Von Ruck and Von Ruck 
in 1912 (51) and in 1916 (52). The Von Rucks 
provided a wealth of data regarding blood al- 
kalinity, titers of the 
serum, and physical condition of groups of 
healthy children before and 
after administration of their preparation. No 


complement-fixation 


and tuberculous 
clear demonstration of the prophylactic proper- 
ties of the material in children or laboratory 
animals was presented, however, and Von Ruck’s 
modest assertion that “all I feel justified in 
claiming at this time is that I am the first to have 
made « successful advent in this most important 
and promising field of specific prophylaxis” (51) 
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does not appear to have been realized in fact. 
Sic transit gloria mundi. 

Klopstock (1913) injected 11 
guinea pigs for several months with increasing 
doses of Old Tuberculin by the subcutaneous 
route, and then infected them and 6 control 
animals by the same route with 1-ml. quantities 
of a suspension of virulent tubercle bacilli (53). 
He concluded that the injections of tuberculin 


repeatedly 


did not enhance resistance because the extent of 
in animals of 
both groups when they had succumbed to the 
infection (!). He did not report whether the 
vaccinated animals lived significantly longer. 
Loéffler (1913) killed tubercle bacilli of a 
“weakly” virulent strain by prolonged incubation 
at 70°C. He vaccinated rabbits and dogs by 
single and repeated subcutaneous, intravenous, 
or intraperitoneal injections of this preparation, 


tuberculous disease was similar 


and reported a marked prolongation in the sur- 
vival of many of the vaccinated animals following 
experimental infection (54). 

A high degree of immunogenic efficacy was 
claimed by Rappin (1913, 1917) for a preparation 
of tubercle bacilli treated with 2 to 3 per cent 
sodium fluoride, and then exposed to a “lytic” 
antituberculous which destroyed their 
usual staining reactions. A challenge infection 
sufficiently severe to kill a group of control 
animals not only failed to kill the vaccinated 
ones, but failed to initiate progressive lesions 
(55, 56). Rappin considered these findings suffi- 


serum 


ciently encouraging to suggest an early human 
trial of his preparation. 

Momose reported in 1913 that tubercle bacilli 
extracted with sodium hydroxide and chloroform 
appeared to bestow some protection on guinea 
pigs against subsequent infection with virulent 
human tubercle bacilli (57). Lindemann (1914) 
employed Deycke and Much’s method for “dis- 
solvmg” tubercle bacilli with ovo-lecithin, and 
“assured” the sterility of this preparation by 
heating it for one hour at 56°C. (58). He did not 
obtain the favorable results reported earlier by 
Deycke and Much (37); doses of 2 to 40 mg. 
failed to protect guinea pigs against virulent 
infection one to five and one-half months after 
vaccination. Toenissen (1914) claimed to have 
protected mice and guinea pigs against one 
million lethal doses of virulent tubercle bacilli by 
previous vaccination with three- to four-week- 
old, nonliving, “lysed” cultures of the bacilli (59). 

In 1915, Crofton reported the initiation in chil- 
dren of protection and therapeutic trials with 


390 


tubercle bacilli dissolved in benzoyl chloride (60). 
Repeated vaccinations, ranging from 0.000001 
to 0.1 mg. of the preparation, were given, but 
the results of the trial were not presented in this 
communication. Theobald Smith wrote in 1917 
that he could not produce a state of heightened 
resistance to tuberculosis in cattle by vaccination 
with heat-killed tubercle bacilli, but presented no 
experimental details (61). L. Lange (1920) re- 
ported his observations of five cattle vaccinated 
several years previously by Lindemann with a 
preparation of tubercle bacilli suspended in a 
soap solution and heated for forty-five minutes 
to 70 to 80°C., after first being shaken for several 
days at 37°C.; 
subsequently with virulent tubercle bacilli (62). 
Vaccination provided a significant degree of pro- 
tection, only minimal tuberculous disease devel- 
oping in the animals. A further 
experiment undertaken by Lange did not, how- 
ever, reveal a protective activity for Lindemann’s 
preparation or for bacilli killed by desiccation at 
64° to 71°C. for twelve to seventeen days in 
cattle or rabbits. However, the small number of 
animals used by Lange and the high incidence of 
preinfection deaths which he reported reduce 


the animals had been infected 


vaccinated 


the significance of his findings. 

Using very large quantities of killed tubercle 
bacilli, Uhlenhuth (1920, 1923, 1927) was unable 
to protect guinea pigs, rabbits, or donkeys 
against subsequent tuberculous infection (63-65). 
The vaccines were prepared from bacilli killed by 
heat or mechanical disintegration, or extracted 
with organic solvents. Doses of 100 to 700 mg. 
were employed for the intravenous, subcutaneous, 
or intraperitoneal vaccinations. As will be pointed 
out later, these quantities are probably very 
killed bacilli 


much in exeess of the doses of 


likely to elicit a state of immunity. 
1921-1925 


Proceeding from the clinical observation that 
tuberculosis caused by tubercle bacilli of human 
origin, as usually is the case in pulmonary tuber- 
culosis, seldom bestows significant resistance to 
further pulmonary disease (whereas tuberculous 
disease caused by bovine tubercle bacilli, as in 
tuberculous lymphadenitis and bone tuberculosis, 
does result in a state of heightened resistance of 
the survivors to pulmonary tuberculosis), Raw 
(1921, 1924, 1925, 1926) postulated that human 
and bovine tubercle bacilli are “antagonistic” 
to each other, and that immunity against infee- 
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tion by one strain could best be accomplished by 


vaccination with the other (66-69). Accordingly, 
he vaccinated large numbers of rabbits, guinea 
pigs, and cattle with spontaneously dead or heat- 
killed attenuated strains of tubercle 
heterologous to the challenge strain. The vaccina- 
tion resulted in a very marked prolongation of 
life and, in some instances, complete protection 
against challenge infection. Raw had high ‘hopes 
for his preparations and vaccinated 
hundred British children of tuberculous parents 
with nonliving bacilli (66). He reported the pro- 
these children against tuberculous 


bacilli 


several 


tection of 


disease (67), but the human trials were not 
extended further. 
Working with ‘“Vitaltuberkulin-Eber,” a 


preparation consisting of a seven-week-old cul- 
ture of tubercle bacilli ground moist with mortar 
and pestle until most of the bacilli were dis- 
integrated, Selter (1922) bestow 
complete protection on guinea pigs against viru- 
lent infection (70). A vaccine prepared similarly 
reduced 


was able to 


from a saprophytic Mycobacterium 
rather than enhanced, the resistance of guinea 
pigs. Selter ascribed the high immunizing efficacy 
of “Vitaltuberkulin” to the presence of living 
but now “weakened” tubercle bacilli still 
capable of inducing a limited infection as judged 
by the development of a local “tuberculous 
focus” (72). Selter thus appears to have ignored 
the well-demonstrated ability of killed tubercle 
bacilli and some of their components to produce 
very similar lesions, and “‘Vitaltuberkulin” was, 
in fact, considered by Lange and others (74) to 


be a nonliving preparation. Even if some living! 


bacilli remained in this vaccine, it is unlikely 
that the immunity which it bestowed could be 
accounted for entirely by their presence; the 
failure of the animals to become tuberculin sensi- 
tive after vaccination (70) indicates that any 


contamination of the vaccine with intact bacilli 


was too light to evoke typical host responses. 
“Vitaltuberkulin’s” activity thus appears to be 
due, instead, to its content of non-skin-sensitiz- 
ing, immunogenic fractions. Although he did not 
consider tuberculin skin hypersensitivity to be a 
necessary, or even always a concomitant, condi- 
tion of protective immunity (70, 71), and ae- 
knowledged the limited immunizing capacities 
of nonliving vaccines (73), Selter became one of 
the most forceful spokesmen for the view that 
only living vaccines could be hoped to provide 
complete protection against tuberculosis. That 
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such a degree of immunity was possible in tuber- 
culosis, Selter considered evident from the high 
degree of resistance of survivors of a first infec- 
tion against further disease. (Even assuming 
that this refractoriness is indeed of a high order 
in man, it appears that Selter did not consider 
the real possibility that the immunity seen in 
survivors of a first infection might reflect the 
selection of natively more resistant persons, 
rather than the specific acquisition of heightened 
resistance.) His almost dogmatic insistence on 
the superiority of living vaccines thus appears to 
be due not only to what may have been a mis- 
interpretation of the real nature of “Vitaltuber- 
kulin,” but also to the historic failure of bona 
fide nonliving vaccines to live up to an expecta- 
tion of acquired immunity (‘‘that the immunity 
produced by the protective vaccination... . 
suffices to repulse further infection with cer- 
tainty’ (italics added (71)), which was then still 
considered to be probable but has, in fact, not 
yet been consistently attained with any prepara- 
tion. 

A rather colorful episode in the history of 
tuberculosis prophylaxis took place in Scotland 
on June 29, 1932, in the home of Lady Seaforth, 
where a “small group of public-spirited people” 
including, inter alia, His Royal Highness the 
Aga Khan, met to discuss a new panacea for 
tuberculosis discovered by Mr. Henry Spahlinger 
of Switzerland. The proceedings of this meeting, 
published in the Veterinary Record (75), bring the 
urgency of the tuberculosis problem at that time 
into sharp focus, for it would be difficult to 
understand otherwise how a distinguished group 
of medical scientists and laymen would have 
found Spahlinger’s “remedies” for tuberculosis 
“of such vital international importance that... . 
it would be lacking in sense of duty .... not to 
take the earliest and most practicable step 
through the courtesy and public spirit of the 
press—to communicate the formula to the world 
at large.’’ (75) 

Spahlinger began treatment of tuberculous 
patients with a new, undisclosed preparation in a 
sanatorium at Carouge near Geneva in 1913. The 
first report in the British scientific press con- 
cerning this preparation was a short note by 
Spahlinger in 1922, reporting the successful 
treatment of eight patients, but providing no 

* “Die durch die Schutzimpfung erzeugte Im 
munitiit ...geniigt um weitere Infektion mit 
Sicherheit abzuwehren.”’ 
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description of his vaccine (the terms “remedy” 
and “vaccine” were employed interchangeably 
by Spahlinger) (76). This announcement was 
followed by numerous appeals to Spahlinger to 
reveal the nature of the vaccine with which he 
claimed to have obtained startling therapeutic 
and prophylactic successes (77). These he ig- 
nored. 

Ten years later, Lancet reviewed the history of 
Spahlinger’s claims and pointed out that re- 
peated offers by British organizations to subject 
his vaccine to an impartial test were rejected; 
Lancet again appealed to Spahlinger for a full 
disclosure (78). Spahlinger finally complied with 
this request and published a description of his 
preparation (79). This tubercle 
bacilli grown on complex media, and then ineu- 
bated in an anaerobic environment until they 
had died. Great emphasis was placed on the 
constitution of the medium (for vaccinating 
cattle, bovine tubercle bacilli had to be grown on 
tissue extracts; for 


consisted of 


media containing bovine 
human vaccination, human or bovine bacilli had 
to be cultured on 
media) and on avoiding animal passage of the 
vaccine-bacilli, to prevent the loss of “antigenic 
Details concerning dose, route of 


human-tissue-containing 


integrity.” 
administration, and other aspects of the vaccina- 
tion were still not given, however, and neither 
were complete protocols of any vaccination ex- 
periments presented. Spahlinger explained his 
earlier hesitance to divulge the nature of his 
vaccine on the ground that he wished to prevent 
premature and unscrupulous exploitation (75)— 
an explanation not deemed adequate in most 
clinical and «cientifie circles (see (78) and the 
opinions expressed in the correspondence columns 
of Lancet during the year 1932). 

The entire history of the Spahlinger “‘remedies” 
and “vaccines” 
preference for the British tabloid rather than 
the scientific press as a forum for his communi- 
cations would at first sight appear to justify 
their exclusion review of the 
literature. Surprisingly, however, Spahlinger’s 
highly successful in an 


and their discoverer’s secrecy and 


from a serious 
preparations proved 
exploratory experiment testing their prophylac- 
tic activities in cattle. Lamont, Kerr, and Shanks 
(1932) found a vaccine made by Spahlinger him- 
self to bestow complete protection on 11 vacci- 
nated calves against an intravenous challenge 
with virulent tubercle bacilli which killed five of 
seven control animals within two months (S80). 


A joint committee of the British Medical Re- 
search Council and the Agricultural Research 
Council corroborated these findings and recom- 
mended more extensive experimentation (81). 
However, nothing further appears to have been 
done with Spahlinger’s preparations. Undoubt- 
edly, his initial refusal to submit his vaccine to 
objective examination, and his, at best, eccentric 
behavior during the further 
doomed what may in fact have been a promising 


course of events 
vaccine 

Another nonliving, supposedly prophylactic 
and therapeutic preparation which aroused con- 
siderable interest and hope in Great Britain was 
the “diaplyte” vaccine developed by Dreyer 
(1923) (82, 83). Unlike Dreyer 
approached the problem of tuberculosis preven- 


Spahlinger, 


tion and cure conservatively and with an inter- 
esting assumption. Dreyer postulated that the 
“bacterial therapy 


with 


successful 


infrequency of 

and prophylaxis” obtained acid-fast and 
Gram (+) microorganisms, as compared with 
that achieved with Gram (—) ones, is due to 
lipoidal substances in the cell walls of the former 
which prevent the ready liberation of bacterial 
proteins, and therefore their stimulation of pro- 
tective antibody formation. He 


attempted to remove the “lipoidal envelopes” of 


accordingly 


cultures of several bacterial species by prolonged 
grinding and extraction with formalin and ace- 
tone. In his first announcement (82), he reported 
that tubercle bacilli killed and defatted by this 
method, a preparation subsequently termed 
“diaplyte” (83), 
results in humans suffering from tuberculosis. 


gave favorable therapeutic 

This report appears to have been premature, 
however, and further study revealed no consistent 
curative powers for diaplyte (see 86-88). On the 
other hand, it proved to be highly effective as a 
prophylactic agent in cattle. Dreyer, Vollum, 
and Amitzbdéll (1934) conducted a 
field trial of the vaccine in a herd of cattle on a 
manor in Lolland, Denmark (84). At the begin- 
ning of the experiment 90 per cent of the herd 


nine-year 


was tuberculous. The design of the experiment 
was to vaccinate new-born calves by multiple 
injections via the intraperitoneal or intravenous 
routes and to make no attempt to separate the 
vaccinated animals from the tuberculous adult 
cattle. A total of almost 300 calves was vacci- 
nated, the animals receiving varying doses of 
vaccine up to 175 mg., dry weight. Some, but not 
all, of the vaccinated animals developed tuber- 
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culin skin sensitivity after vaccination. At the 
end of the nine-year observation the 
tuberculous morbidity of the herd had _ been 
reduced to 11 per cent. Although a comparable 
control group of new-born but unvaccinated 
calves was not included in the experiment, and 
the possibility of a spontaneous decrease of 
tuberculous infection in the herd could not, 
therefore, be excluded, it appears unlikely that 
such a marked reduction of tuberculous morbidity 
would have occurred independently of the vac- 


period 


cine. 

Bronfenbrenner and Straub (1925) were unable 
to demonstrate an immunogenic effect of “dia- 
plyte”’ in guinea pig experiments (85), but as 
they infected their animals immediately following 
the course of vaccination injection, it is quite 
possible that their failure was due to an insuffi- 
cient period of time for the development of 
immunity. Also, the quantity of vaccine given to 
most of the animals 
tions of 0.1 mg. each—may have been too small. 
Kettle (1924) (86), Douglas, Edington, and Sim- 
son (1925) (87), and Grasset (1925) (88) found 
“diaplyte”’ ineffective as a therapeutic in tuber- 


five subcutaneous injec- 


culous guinea pigs. Douglas’ group also vacci- 
nated four healthy guinea pigs with 36 to 47 


weekly subcutaneous injections of 0.1 mg. of 
vaccine each; heightened resistance after subse- 
quent challenge infection was not detected (87). 
It appears that, with the exception of the cattle 
trial of Dreyer, Vollum, and Amitzbéll (84) 
“diaplyte’s” possibilities as a vaccine were not 
subjected to serious study and thus, once more, 
disappointment in the therapeutic potentials of a 
nonliving “vaccine” brought to a premature end 
investigations of its prophylactic potentials. 

In his treatise on resistance to tuberculosis, 
Krause (1923) stated that “we will not admit 
today that specific immunity ever exists without 
tubercle in the host” and that “‘only one proce- 
dure is uniformly successful... . this consists in 
preliminary infection with living tubercle bacilli” 
(89). Krause provided no new evidence for this 
view, however. In the same year, a similarly 
definite pronouncement was made by Webb, 
who wrote that “no effective immunity had ever 
been produced by injection of an experimental 
animal with dead tubercle bacilli” (90). The 
experiments conducted by Webb himself con- 
sisted of the injection of killed tubercle bacilli 
intradermally into guinea pigs, aspiration of the 
abscesses which formed, and introduction of living 
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VACCINATION AGAINST TUBERCULOSIS WITH NONLIVING VACCINES 


virulent bacilli into the evacuated lesions; the 
development of tuberculous disease in the local 
lymph nodes of animals so “vaccinated” and 
infected was taken as evidence for the absence of 
a state of immunity. 

A series of reports published by Langer in Ger- 
many during the 1920’s (1924, 1926, 1927, 1929) 
described the immunogenicity of a heat-killed 
preparation of tubercle bacilli in a variety of 
animals and in man (91-95). This vaccine, called 
“Preparation 147” by Langer, was made by heat- 
ing a bouillon culture of tubercle bacilli for fifteen 
minutes at 100°C., or for one hour at 70°C. on three 
separate occasions. Several intradermal injections 
of 0.1 ml. of the heat-killed culture rendered 
guinea pigs sensitive to tuberculin, and increased 
considerably their survival following intradermal 
challenge infection three months after vaccina- 
tion (91, 92, 94). Langer ridiculed as an “un- 
provable dogma” (‘“‘unbeweisbares Dogma’’) the 
contention that only living vaccines can be 
effective against tuberculosis, and cited his own, 
as well as Ballin’s, and Zadek and Mayer's, 
observations that groups of 20 to 50 children of 
had received the 
Langer vaccine free of tuberculosis 
during an observation period of several years. 
Although the number of vaccinated children was 
small, the high incidence of progressive tuber- 
culosis in children intimately exposed to infection 
at home (Langer cited a figure of 30 per cent 
tuberculosis mortality in such children (93)) and 
the marked reduction of disease among those 
vaccinated lend some significance to these ob- 
servations. The children were vaccinated by 
multiple intradermal injections in the thigh. No 
severe local reactions developed.’ In another 
publication (94) Langer cited a favorable experi- 
ence with Preparation 147 in small groups of 
and Ossinig 


tuberculous parents who 


remained 


children vaccinated observed by 

§’ The record of the discussions following one of 
Langer’s lectures on his vaccine (93) illuminates 
the development of the attitudes toward, and ex- 
pectations of, vaccination-induced immunity to 
tuberculosis. For example, Neufeld expressed the 
opinion ‘‘that a heightened resistance to tubercu- 
losis, though not an immunity, could be attained, 
which would be adequate in view of our present, 
reduced demands.”’ (“‘dass zwar Keine Immunitit 
aber eine erhhéhte Tuberkulose-Resistenz erzielt 
werdon Kénne, was heute herabgesetzten 
Anspriichen geniigen wiirde.”’ (italies added) ) This 
is among the most clearly stated, published dec- 
larations of the time that something less than 
total could be considered of value 


unseren 


protection 
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and Fernbach, and also reported the successful 
protection of monkeys in a zoological garden 
against tuberculous disease, which had been 
ubiquitous among the animals before vaccination. 

Bessau (1925, 1927) supported Langer’s con- 
tention that nonliving vaccines could protect 
against tuberculosis (96, 97). Bessau had earlier 
demonstrated the tuberculin-sensitizing powers 
of killed tubercle bacilli, and now reported that 
animal experiments initiated by him in 1915 also 
showed them to be immunogenic, especially when 
given by the intraperitoneal route (96). As did 
many other workers of the period, Bessau be- 
lieved immunity to tuberculosis to be dependent 
on the presence of a tuberculous focus, and con- 
sidered tuberculin sensitivity to be instrumental 
in the development of immunity because it has- 
tens the formation of “tuberculous tissue’ 
(“tuberkuléses Gewebe”’) (96). In contrast, Dold 
(1925) found two intradermal injections of 0.1 
ml. each of Langer’s Preparation 147 to be in- 
effective in protecting guinea pigs against tuber- 
culous challenge twenty days later (98). Dold 
also found a preparation, made by Seiffert (99), 
of acetone-extracted, nonacid-fast bacillary debris 
to be ineffective. However, Dold’s experimental 
conditions were unfavorable to the development 
the animals receiving 
Langer’s vaccine were given only very small 
quantities, and those vaccinated with the Seiffert 
preparation—four subcutaneous injections of 1 
ml. each—were challenged only four days after 
vaccination; in both instances the challenge infec- 
tion was very severe (0.5 ml. of a fresh culture 
subcutaneously). Fedders (1925) reported that 62 
children vaccinated with vaccine 
developed the same degree of tuberculin § skin 
hypersensitivity as that resulting from tubercu- 
lous disease; vaccination was not accompanied 
by undesirable local reactions (100). Klotz and 


of acquired resistance: 


Langer’s 


in tuberculosis control, thus paving the way for a 
more serious evaluation of both nonliving and 
living vaccines which had, up to then, frequently 
been discarded for having only limited efficacy. 
It is interesting to note Neufeld’s insistence 
on the separation of and “‘resist- 
ance,’’ adifferentiation stressed on the same occa- 
sion by Moller, and already castigated as artificial 
by Rémer and Josef (43). This distinction has 
frequently been emphasized by those proponents 
of BCG vaccination who have admitted the 
‘‘limited’’ resistance-enhancing powers of non- 
living vaccines, but have continued to hold out 
the hope for the development of a true immunity 
by BCG. 
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tuberculin- 
vaccine in 


also confirmed the 
Langer’s 


Sanger (1925) 
sensitizing properties of 
children (101). 

Fisch] (1925) reported failure to protect nine 
pigs intradermal, three 
against intracardial, with virulent 
tubercle bacilli by previous percutaneous vacci- 
nation with an undescribed preparation of killed 
bacilli (102). 

In preliminary experiments, Horowitz-Wlas- 
sowa (1925) found “Besredka antigen,” a heat- 
killed preparation of tubercle bacilli emulsified 


guinea against 


challenge 


in saline, to have some immunogenic activity in 
guinea pigs; Old Tuberculin was found to be 
ineffective as a vaccine in the same experiment 
(103). 

Moro (1925) vaccinated a number of young 
children with a combined preparation of heat- 
killed powdered tubercle bacilli and vaccinia 
virus on the premise that the greater inflamma- 
tory reaction to the double vaccine would enhance 
the degree of immunity developed by the former 
(104). Most of the children became tuberculin 
positive but protection data were not presented. 

The first reports of the antigenic activity of a 
methanol-soluble extract of tubercle bacilli were 
made by Négre and Boquet in the 1920’s. Pre- 
pared by extracting living or heat-killed, acetone- 
washed tubercle bacilli with pure methyl alco- 


” 


hol, “‘antigéne méthylique” appeared to consist 
largely of phosphatides, but also contained other 
lipid and nitrogenous fractions of the bacillus 
(105). Négre and Boquet undertook an investiga- 
tion of the properties of this extract which ex- 
tended over thirty years (106-109). “Antigéne 
méthylique” was found to have some therapeutic 
activity in human and experimental tuberculosis, 
and showed a high degree of prophylactic activity 
in a variety of animals. Although the duration of 
the immunity bestowed by this extract was some- 
what less than that following BCG vaccination, 
it was notably unaccompanied by the develop- 
ment of tuberculin skin-hypersensitivity. The 
extract was found to be more effective in retard- 
ing the progress of tuberculosis following chal- 
lenge infection some days or weeks after vaccina- 
tion when it was given by the subcutaneous, 
rather than by the intravenous, route, and when 
it was administered by repeated rather than by 
single injections (109). It was also noted that the 
methanol extract enhanced the vaccinating 
powers of living BCG (109). The quantity of 
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. 
extract necessary to produce cffective immunity 


was many times greater than that of intact 
killed tubercle bacilli, but the extract was very 
well tolerated by experimental animals. Further 
details pertaining to this vaccine will be presented 
in discussing the experiments of Weiss and Dubos 
with a similarly prepared extract (see 232-234, 
238). 

A report frequently cited in support of the 
contention that nonliving antituberculosis vac- 
cines are ineffective is that of Seligmann and von 
Gutfeld (1925) (110). These workers tested two 
heat-killed bacillary suspensions made by Langer 
in five guinea pigs, injecting four intradermally 
and one subcutaneously; the control group con- 
sisted of three animals (!). Experimental infee- 
tion took place fifty-six days after vaccination, 
and no evidence of heightened resistance was 
seen in the vaccinated animals. 

In a review of vaccination attempts against 
tuberculosis, Tobler (1925) referred to Bécker’s 
experiments showing the efficacy of killed vac- 
cines (111). Tobler supported Langer’s contention 
(91-95) that failures to protect with nonliving 
preparations were often ascribable to unsatisfac- 
tory methods of killing the bacilli or administer- 
ing them in sub- or supra-optimal amounts. An 
interesting aspect of Tobler’s discussion is his 
description of Koch’s vaccination experiments 
with “TR” and other fractions (17) as failures 
Koch’s work with killed vaccines has, in fact, 
been similarly evaluated by a number of other 
investigators. The precise reasons for this pecul- 
iar misinterpretation of Koch’s rather encourag- 
ing experiments with killed vaccines are not 
clear; they are probably the result of the dis- 
appointment in the failure of nonliving prepara- 
tions to meet the great demands frequent 
made of their therapeutic as well as prophylacti 
action. Whatever the reason, the misassessment 
of such immunogenically active—albeit limited— 
preparations as Koch’s fractions indicates the 
difficulty at the time of obtaining an unbiased 
appraisal of the real worth of nonliving vaccines 

Zinsser, Ward, and Jennings (1925) vaccinated 
guinea pigs with heat-killed tubercle bacilli and 
with Dreyer’s (82) defatted preparation (112 
The vaccines were administered in four to six 
subcutaneous injections of 0.2 mg. each, at two- 
day intervals. The average survival of som 
groups of vaccinated animals after subsequent 
exceeded that of control 
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groups by approximately 50 per cent. Most of 
the animals receiving the Dreyer vaccine were 
not sensitized to tuberculin. 
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TUBERCULOSIS IN TAIWAN (FORMOSA)! 
J. C. T’AO? 


(Received for publication December 2, 1958) 


INTRODUCTION 


The purpose of the present study is twofold: 
to report on the condition of tuberculosis in 
Taiwan; and to show what can be done to con- 
trol tuberculosis in an economically underde- 
veloped community in a relatively short time. 


BACKGROUND OF STUDY 

Taiwan, or Formosa, is located in the western 
Pacific Ocean, approximately one hundred and 
fifty kilometers from the southeast coast of the 
China mainland. The distance from the northern 
tip to the south of the island measures about 360 
(224 the widest distance 
from east to west is 135 kilometers (84 
miles). The area is roughly 36,000 square kilome- 
ters or 14,000 square miles. Mountains which run 
two- 


kilometers miles) and 


about 


from the north to the south cover about 
thirds of the area. The northern two-thirds of the 
island is subtropical while the south is tropical. 
Rice, sugar, tea, and fruits are the main exports 
of the island. 

The majority of the population, which is Chi- 
nese, occupies the fertile plain of the west sea- 
board. Among the total population of 9,690,250 
1957), 4,942,534 (51 male and 
5,251,775 (54.2 per cent) were less than twenty 


per cent) were 


years of age. 


Taiwan compares favorably with other coun- 
tries of Asia in literacy. During the fall semester 
of 1957, there were 1,471,706 children attending 
1,534 elementary schools. This represented an 
attendance of 94.6 per cent for children of school 
age. In addition there were 270,523 students in 
high schools, 25,591 in colleges or universities, 
and 56,988 in kindergartens. 

The health of the population of Taiwan is also 
better than that of other countries in this region 
and the recorded crude death rate in 1957 was 
8.3 per 1,000. The rates of birth and death from 
1947 to 1957 are shown in table 1. 


There are 22 health centers, 368 health sta- 


'From the Taiwan Provincial Taipei Tubereu- 
losis Control Center, 10, Chingtao Road, East, 
Tapei, China. 

* Present address: Tuberculosis Unit, 
Health Organization, Geneva, Switzerland. 
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tions, and 16 provincial hospitals widely dis- 
tributed throughout the island. Most infectious 
diseases are well under control. Malaria, which 
was very prevalent on the island ten years ago, 
has recently been wiped out. The ten leading 
causes of death in 1957 are shown in table 2; 
respiratory tuberculosis occupied the fifth place. 
(In 1953 to 1955 it was fourth, and third in 
1952.) 

Reports of births and deaths in Taiwan are 
reasonably complete with the exception, pos- 
sibly, of deaths of infants less than three months 
old. As many people may die without medical 
care and about 3.6 per cent of death reports are 
made by herb physicians, figures on causes of 
death should be accepted with some reservation. 
However, figures of successive years are still 
valuable for comparative purposes. 


TUBERCULOSIS PROBLEM 


During the period from May, 1951, to October, 
1952, when the mass BCG vaccination program 
was first started in Taiwan, there was a good 
opportunity to test the prevalence of tubercu- 
lous infection on the More than 1.2 
million children in the whole province who were 
less than twenty years old were tested with 5 TU 
of tuberculin (PPD) with the same technique and 
the same standard of reading. Induration of 5 mm. 


island. 


or more was considered to be a positive reac- 
tion. For the whole province, about 15 per cent 
of children five years old, 28 per cent of those 
ten years old, and about 50 per cent of those 
fifteen years old were reactors. The detailed in- 
formation on the results of testing are shown in 
table 3 and figure 1. These percentages varied 
from 6.9 to 47.5 per cent for children of five 
years in different parts of Taiwan. When districts 
were classified according to urbanization, it gave 
the usual picture of higher prevalence in urban 
areas and lower in rural areas. The percentage 
of tuberculin reactors by age in different areas 
of Taiwan are set forth in table 4 and figure 2. 
A nonspecific tuberculin reaction is fairly 
common in Taiwan as shown by the distribution 
graph of degrees of tuberculin reaction of various 
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TABLE 1 


VITAL STaTIsTICs 


Year Population Births 

1947 6,497 ,734 241,001 
1948 6,807 ,601 263 , 803 
1949 7,396,931 300 ,843 
1950 7,554,399 323 ,643 
1951 7 , 869 , 247 385,383 
1952 8,128,374 372,905 
1953 8,434,609 374,536 
1954 8,750,571 383 , 574 
1955 9,056,390 103 ,683 
1956 9,390,381 414,036 
1957 9,674,710 394,880 


or TAIWAN FOR THE PerRiop 1947-1957 


Birth Rate Deaths Death Rate 
37.09 114,192 17.57 
38.75 95,340 14.00 
40.67 12.62 
42.84 11.35 
48.97 11.34 
45.88 9.72 
44.40 9.26 
43.83 8.02 
44.57 8.46 
44.09 74,075 7.89 
40.56 80,714 8.34 


TABLE 2 
LEADING Causes oF DeatH IN TatwaNn, 1957 


Cause of Death 


Gastroenteritis excluding infantile diarrhea 
Pneumonia 

Senility and unknown causes 

Vascular diseases affecting central nervous system 
Respiratory tuberculosis 

Neonatal diseases and prematurity 
Neoplastic diseases 

Other cardiac diseases 

Nephritis and nephrosis 

Bronchitis 

Other causes 


Total 


age groups. The junction of two modes of distri- 
bution usually occurred at about 10-11 mm. of 
induration. Therefore, the criterion of positive 
reaction has been changed from 5 to 10 mm. 
since March, 1956. However, it is now estimated 
that people with induration of 5 to 9 mm., which 
probably includes reaction from nonspecific 
causes, comprise less than 7 per cent of the total 
at school age. 

During the period between July, 1957, and 
June, 1958, a prevalence survey based on ran- 
domly selected samples was carried out in Tai- 
wan. The survey covered 53,110 people of a total 
population of 58,950 in 47 districts on the island 
(table 5). It included tuberculin testing of all 
people, 70-mm. roentgenographic film on all 
people more than eleven years old, sputum exam- 
ination by microscopy, and laryngeal swabbing 
culture for tubercle bacilli on all people with roent- 


genographic abnormalities of the chest. The 


Number of Death Rate Percentage of 


Deaths (per 100,000) Total 
10,310 106.6 12.9 
9,875 102.1 12.4 
6,678 69.0 8.4 
5,715 59.1 7.2 
5,271 54.5 6.6 
3,780 39.1 4.7 
3,493 36.1 4.4 
3,384 35.0 4.2 
2,619 27.1 3.3 
2,279 23.6 2.9 
26 ,539 274.3 33.2 
79,943 826.3 100.0 


coverage was 95.9 per cent for tuberculin testing 
and 96.6 per cent for roentgenographic examina- 
tion. The population can be divided into four 
categories, i.e., from rural areas, towns, small 
cities, and large cities. It was found that 7.2 per 
cent of people more than eleven years old in 
towns, 8.9 per cent in rural areas, 10.5 per cent in 
small cities, and 10.1 per cent in large cities had 
abnormalities which were apparent on chest films. 

Among these, 2.9 per cent of people more than 
eleven years old in towns, 3.6 per cent in small 
cities, 3.8 per cent in rural areas, and 4.5 per cent 
in large cities had shadows suspicious for tuber- 
culosis. Bacteriologically, 4.8 per 1,000 people 
more than eleven years old in towns, 8.7 per 
1,000 in rural areas, 9.1 per 1,000 in small cities, 
and 8.6 per 1,000 in large cities were infectious. 

The results of tuberculin testing were masked 
by the BCG program during the last seven years, 
so that period is not included here. Judging from 
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TUBERCULOSIS 


TABLE 3 
tESULTS OF TUBERCULIN TESTING IN TAIWAN, 
1952 


(Mantoux, 5 TU) 


| 
Number of | 


Number Com- Percent- 
pletely Tested Reactors age 
Age 
Male | Female | Male | Female | Male Ln a 
Un 6,407; 4,038) 2,057) 1,192)23.1/29.5 
known 
0 17,994; 16,384 545 509) 3.0) 3.1 
l 36,021) 33,645) 1,703) 1,589) 4.7) 4.7 
2 31,522) 28,945) 2,235) 1,984) 6.9 
3 30,782) 27,993} 2,804) 2,593] 9.1] 9.3 
27,849) 24,989) 3,276) 3,016/11.8)12.1 
5 26,495) 23,202) 4,013) 3,650)15.2)15.7 
6 | 44,118) 34,684) 8,986 6, 899/20.4 19.9 
7 | 75,337 55,060) 16,505) 12,818/21.9/23.3 
8 | 69,038) 47,955) 15,782 9/24 .2 
9 64,780 42,914) 16,167) -0/26.4 
10 63,289) 40,667) 17,421) 11,766/27.5/28.9 
ll 59,120) 36,333) 18,173) 11,549|30.7/31.8 
12 44,664) 26,624) 15,739) 9,699/35.2)36.4 
13 25,756) 14,782) 11,486) 6,625)44.6/44.8 
14 19,743 11,261) 9,399) 5,275|47.6/46.8 
15 16,627, 9,905) 8,518) 4,922)51.2/49.7 
16 12,123 6,679) 6,592) 3,265/54.4/48.9 
17 9,765, 5,528) 5,673) 
18 7,487| 4,367) 4,695) 
19 5,346 3,045) 3,447 
20 and 16,166 9,888) 12,743 


older 


Total |710,429/508 , 888/187 ,959|123 ,817/26.5/24.3 


the results of the survey, the previous estimate 
of 2 per cent of people with roentgenographic 
evidence of pulmonary tuberculosis and 5 per 
1,000 people of all age groups on the island was 
nearly true. 

Figures for deaths from tuberculosis in Taiwan 
1947. As mentioned in the 
preceding paragraph, the diagnosis might not be 
accurate for understandable reasons. However, 
for comparative purposes, it is still worth while to 
record The deaths from 
tuberculosis in Taiwan for the period of 1947 to 
Both 
tuberculosis 


are available since 


here for reference. 


1957 are shown in table 6 and figure 3. 


respiratory and other forms of 


showed a steady and rapid decline with time 
except in 1957 when there was an epidemic of 
Asian influenza which gave rise to a sudden 
increase of total deaths. However, the proportion 
of deaths from tuberculosis in comparison with 


the total deaths continued to fall. 
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The age and sex specific mortality rate of 
tuberculosis in Taiwan in 1957 are set forth in 
figure 4 and table 7. These show a relatively 
high mortality for infants less than five years old. 
It decreases with age up to the ten to fourteen- 
year group and then rapidly increases with age, 
particularly in the male. 


PLAN oF Stupy 

An organized tuberculosis control program in 
Taiwan began in 1949. It consisted of two main 
aspects: BCG vaccination of the uninfected, and 
early detection and treatment of cases. 

Following a pilot project of tuberculin testing 
and BCG vaccination of school children in and 
around Taipei for one and a half years, the pro- 
gram was extended to the whole province in May, 
1951. A BCG team was organized in every one of 
the 22 health centers of the Province. Each team 
consisted of one physician, two vaccinators, one 
clerk, and one driver. A BCG manufacturing 
laboratory was organized in 1951, but it was not 
approved by WHO until March, 1953. Transporta- 
tion was provided by UNICEF for each team. 
Tuberculin, PPD, is received in the form of a 
stock solution from Copenhagen every other 
month. The technique of injection and reading 
was standardized through the training of team 
members by a WHO team in 1951 and refresher 
courses from time to time since that date. Up to 
the end of 1957, 5.8 million people less than twenty- 
five years of age had been tested while 3.24 million 
nonreactors were vaccinated. This means a cover- 
age of approximately 88 per cent of the population 
less than twenty-five. The number of persons 
tested and vaccinated each year from 1950 to 1957 
are shown in figure 5. Numbers given after 1953 
might have included some re-tests and re-vaccina- 
tions although efforts have been made to differ- 
entiate primary testing from re-testing. 

Beginning in September, 1953, a mobile roent- 
genographic chest survey team with seven 70-mm. 
photofluorographic units was organized. Up to the 
end of 1957, more than 1.36 million people had 
been examined and more than 38,000 suspects were 
discovered. The numbers of examinations and of 
suspects discovered by year from 1953 to 1957 are 
shown in figure 6. During the first three or four 
years, the examinations had been done mainly 
among organized groups, such as schools, factories, 
and army camps. Community surveys have been 
tried since the end of 1956 in order to discover more 
cases. 

Free sputum examinations have been provided 
by each health center since the beginning of 1956. 
Each center is provided with a standard incubator, 
a centrifuge, and necessary chemicals. Culture 
medium is manufactured centrally in Taipei and 
distributed periodically to each health center. 
The number of people who have had sputum 
examinations each year during the last eight years 
is given in figure 7. 
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Fic. 1. Percentage of reactors to tuberculin according to age and sex in Taiwan, 1951-1952 


Starting in March, 1957, free isoniazid has been 
supplied by the provincial government through 
health centers for a period of no less than one year 


TABLE 4 


to each patient whose sputum is positive for PERCENTAGE oF TUBERCULIN Reactors BY AGE Fr 
tubercle bacilli. Up to the end of May, 1958, 4,026 IN URBAN, SUBURBAN, AND Rurav Districts May 
such cases have been registered. Besides these IN Tarwan, 1952 
patients another 2,362 school teachers and pa- 
tients from a few other special communities are Percentages of Tuberculin 
given drugs through assisting agencies like the Ave — 
tuberculosis association and Joint Commission on ; ; 
Rural Reconstruction. All of the patients who re Urben | Suberhen| Rural 
ceive domiciliary chemotherapy have had pre 
treatment films. During the course of treatment, 0 5.0 7.9 2.3 Num 
follow-up films and sputum examinations are ob l 7.7 +.5 +.0 Popu 
tained free of charge once every six months. 2 12.5 6.7 5.4 
Hospital beds for the tuberculous are not ade 3 17.2 9.1 6.8 
quate in Taiwan. As hospital beds are used now 4 22.1 11.4 8.5 
adays for only surgical and acute cases, this 5 28.3 15.1 10.8 Num 
shortage does not affect the whole program very 6 34.4 19.2 14.1 Num 
much ‘ 36.5 21 5 16 $ Num 
8 38.5 23.6 18.7 Pe 
9 : 20.9 | Num 
10 13. 5 | 23.6 Pe: 
It will take years for the results of the control 11 17.1 31.7 26.7 
of such a chronic disease to become apparent. 12 52.0 36.4 29.9 
Improved living conditions, education, and many 
other factors certainly affect the picture of 15 66.1 18.7 10.0 Num 
tuberculosis in the community, as well as the 16 67.4 51.6 88 5 c 
actual control work. However, judging from the 17 69.2 55.1 12.0 Prop 
rate of the drop of deaths from tuberculosis in the 18 73.5 58.4 16.6 B, 
last ten years as shown above, the picture of pa (5.1 49.8 16 © “ 
20 and older 83.8 76.7 66.9 Cor 


tuberculosis in Taiwan is quite encouraging for 
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RESULTS OF A PREVALENCE SURVEY ON PULMONARY TUBERCULOSIS IN TAIWAN (1957-1958) 


Category 


Number of sample districts 


Population 


Number expected 


Number examined 
Number with abnormality 


Percentage 


Rural 


12 
15,033 


or 


s, 
8,< 


Number of pulmonary tuberculosis suspects 


Percentage 


Bacteriologie E 


Number with bacteriologically proved tuber- 


culosis 


Proportion of persons positive for tubercle 


bacilli 
Observed 
Corrected 


Towns 


12 


Roentgenographie Examination 


xamination 


71 
1,000 4.6, 
1,000 1.8 


9 


, 402 


156 
013 
505 
7.2 
202 
2.9 
32 
1,000 
1,000 


Small Cities 


6 
6,595 


8.5/1,000 
9.1/1,000 


Large Cities 


20 
24,920 


Percentage of tuberculin reactors by age in urban, suburban, and rural districts of Taiwan, 
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the workers. The mortality rates of extrapulmo- 


nary tuberculosis in infants of the 0-4 age group 


during the period of 1952 to 1957 are shown in 


comparison with the changes in the rates for 


pulmonary tuberculosis in all age groups (table 8, 


Year 


Death Rate per 100,000 population 


figure 8). It shows that a drop of 44 per cent has 


occurred in extrapulmonary tuberculosis mortal 
ity in this age group within these four years; but 
for pulmonary tuberculosis the rate dropped only 
25 per cent. This difference is significant in show 


TABLE 6 
TuBercu.osis Deatu Rate 1n Tatwan (1947-1957) 


Deaths from Tuberculosis 


Mortality Rate of Tuberculosis (in 


s per 100,006 
Number of Deaths per 100,000) Pescentens 


of Total 
E Extra Deaths 
Population Total Pulmonary ry Total Pulmonary 
6,497 ,734 18 ,533 15,148 3,385 285.2 233.1 52.1 17.6 
6,807 ,601 13 ,633 10,680 2,953 200.3 156.9 43.4 14.0 
7,396 ,931 13,400 10 ,050 3,350 181.2 135.9 45.3 12.6 
7,554,399 12,111 8,751 3,360 160.3 115.8 14.5 11.3 
7 , 869 , 247 11,084 8,362 2,722 140.9 106.3 34.6 11.3 
8,128,374 7,324 5,909 1,415 90.1 72.7 17.4 9.4 
8,434,609 6,460 5,182 1,278 76.6 61.4 15.2 8.3 
8,750,571 6,001 4,923 1,078 68.6 56.3 12.3 8.5 
9 ,077 ,643 6,066 5,013 1,053 66.8 55.2 11.6 7.9 
9,390,381 5,881 4,931 950 62.6 52.5 10.1 8.0 
9 ,690 , 250 6,264 5,271 993 64.6 54.4 10.2 6.6 
300 T T 
| | 
200 + 
> | 
| 
\ 
130 
70 
60 
50} T 
40 
30 
20 
10 
19,7 1946 1949 1950 1951 1952 1953 1954 1955 1956 .1957 
Year 
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3. Tuberculosis (all forms) death rate in Taiwan, 1947-1957. 
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Fic. 4. Graph showing age specific mortality of pulmonary tuberculosis in Taiwan, 1957. 


ing that the BCG vaccination program after 1951 
probably has made the incidence of childhood 
tuberculosis less prevalent although the com- 
munity load of infection might have been reduced 
too. 
Discussion 

The most remarkable change that can be ob- 
Taiwan is in the attitude toward 
tuberculosis in the community during the past 


served in 
eight or nine years. Tuberculosis used to be con- 
sidered as hopeless and a 
ease, and patients tried to hide themselves. 
People were afraid of examination because of 
these reasons. At the present time, following 


“weallhy man’s” dis- 


extensive BCG vaccinations and _ roentgeno- 
graphic examinations of apparently healthy 


people and treatment of many discovered cases, 
people realize that tuberculosis is really a curable 
disease if it is discovered and treated early. Re- 
sistance to examination very rarely has been 
encountered. Probably this accomplishment ex- 
ceeds all the results which can be shown with 
figures. 
SUMMARY 

Taiwan is a group of islands in the western 
Pacific Ocean near the China mainland with a 
population of approximately 10 million. It is 
economically underdeveloped. The prevalence of 
tuberculosis is high and the medical facilities, 
although better than in nearby countries, are far 
from adequate by Western standards. Trained 
workers are few. 


Beginning in 1950, a planned tuberculosis 
control program has been carried out. Owing to 
the high prevalence of infection in the islands, : 
mass BCG vaccination campaign was begun in 
May, 1951. Up to the end of 1958, more than 45 
per cent of the population less than twenty-five 
years of age were vaccinated. A case-finding pro- 
gram was started in September, 1953. From 
July, 1957, to June, 1958, a survey to determine 
the prevalence of pulmonary tuberculosis, based 
on randomly selected subjects, was carried out. 
It showed the over-all prevalence of pulmonary 
tuberculosis to be about 2 per cent roentgeno- 
graphically and 0.5 per cent bacteriologically. 

Beginning in March, 1957, through existing 
health centers and stations, free isoniazid has been 
provided for self-administration for a period of at 
least one year to all persons bacteriologically 
proved to have tuberculosis. A central registry of 
infectious cases has also been set up. 

Domiciliary chemotherapy with multiple drugs 
will be started early in 1959. Local tuberculosis 
clinics for follow-up care and observation are 
being organized in each health district. The 
tuberculosis mortality rate in Taiwan has de- 
clined from 285 per 100,000 in 1947 to about 60 
per 100,000 in 1957. 


SUMARIO 


La Tuberculosis en Taiudn (Formosa) 


Lleva el nombre de Taiudn o Formosa un grupo 
de islas de la regién occidental del Pacifico, cerca 
de la porcién continental de China, con unos 10 
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Fic. 5. Number of tuberculin tests and BCG Fig. 6. Progress of mass chest roentgenographi 
vaccinations in Taiwan by year, 1950-1957. surveys in Taiwan, 1953-1957. 
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de 
atrasado. La frecuencia de la tuberculosis 


poblacién. Econémicamente, 


es ele- 


millones 


vada y los recursos médicos, aunque mejores que 
en los paises cercanos, distan mucho de ser ade- 
cuados de acuerdo con las pautas occidentales. 
Los téenicos adiestrados son pocos. 

A partir de 1950, se ha puesto en vigor un plan 
Debido al 


coeficiente de infeecién en las islas se iniciéd en 


de lucha antituberculosa. elevado 
mayo de 1951 una campafia de vacunacién colec- 
tiva BCG. Hasta 1958, se 
vacunado a mas de 45 por ciento de la poblacién de 


con fines de habia 


menos de vienticinco afios de edad. En septiembre 


TABLE 8 
CoMPARISON OF Mortauity Rate oF PULMONARY 
TUBERCULOSIS IN TAIWAN AND THAT OF 
EXTRAPULMONARY TUBERCULOSIS FOR AGE 
Groups or 04 By (1952-1957) 


Mortality Rate 


Mortality Rate of Extrapul- 


of Pulmonary 


Year monary Tuber- 
All Age Groups a for Age 
sroup 0-4 
1952 72.7 47.5 
1953 61.4 39.3 
1954 56.3 26.3 
1955 55.2 27.5 
1956 52.5 23.8 
1957 54.4 26.7 
Percentage of drop 25 44 


from 1952-1957 


TAIWAN 369 
de 1953, se comenz6 un plan de descubrimiento de 
casos. De julio de 1957 a junio de 1958 se llevé a 
cabo una encuesta para determinar la frecuencia 
de la tuberculosis pulmonar a base de sujetos 
tomados al azar. Esto revelé que la frecuencia 
global de la tuberculosis pulmonar es aproxima- 
damente de 2 por ciento radiogréficamente y de 
0.5 por ciento bacteriolégicamente. 

Partiendo de marzo de 1957, por conducto de los 
existentes centros y puestos de sanidad, se su- 
ministré por un periodo a lo menos de un afio 
isoniacida gratuitamente para autoadministra- 
cién a todas las personas que se habia demostrado 
bacteriolégicamente que tenian tuberculosis. 
También se establecié un registro central de casos 
infecciosos. 

A principios de 1959 se iniciaré la quimioterapia 
domiciliaria con varias drogas. En cada distrito 
sanitario se van organizando clinicas locales de 
tuberculosis para asistencia y observacién subsi- 
guientes. La mortalidad tuberculosa en Taiudn ha 
deseendido de 285 por 100,000 en 1947 a unos 60 
por 100,000 en 1957. 


RESUME 
La tuberculose a Taiwan (Formose 
Taiwan est un groupe d’iles situées dans la 
région occidentale du Pacifique voisine de la 
Chine continentale, sa population est approxima- 
tivement de 10.000.000. Taiwan est économique- 


ment La 
tuberculose est élevée et les facilités médicales, 


sous-développé. prédominance de la 
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Fic. 8. Comparison of mortality rates of pulmonary tuberculosis in Taiwan with those of extrapul- 
monary tuberculosis for age groups 0-4 by year, 1952-1957. 
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bien que supérieures 4 celles des contrées avoisi 
nantes sont encore loin d’étre adéquates en regard 
des normes occidentales. Les travailleurs spéciali 
sés Vv sont rares 

Un programme de lutte antituberculeuse systé 
matique a été instauré depuis 1950. En raison de 
la prédominance élevée de cette maladie dans les 
iles, une campagne de vaccination en masse a été 
commencée en mai 1951. Jusqu’a la fin de 1958, plus 
de 45% de la population agée de moins de vingt 
cing ans a été vaeccinée. Un programme de dé 
pistage a été instauré en septembre 1953. Entre le 
mois de juillet 1957 et le mois de juin 1958, on a 
effectué une enquéte parmi des sujets choisis au 
hasard pour déterminer la prédominance de la 
tuberculose pulmonaire. Cette enquéte montre 
que la prédominance d’ensemble pour la tubercu 
lose pulmonaire est radiologiquement d’environ 
2% et bactériologiquement de 0,5%. 

Depuis mars 1957, par Vintermédiaire de centres 
et de postes sanitaires, l’isoniazide a été fournie 
gratuitement pour “‘self administration”? pendant 
une période d’au moins un an & tout individu 
atteint de tuberculose bactériologiquement con 


firmée. Un centre d’enregistrement pour les cas 


contagieux a été également établi. 

La chimiothérapie 4 drogues multiples pour 
cures 4 domicile était prévue pour le début de 
1950. Des dispensaires de la tuberculose pour soins 
et surveillance médicale ultérieure sont organisés 
dans chaque district d’hygiéne publique. Le taux 
de mortalité par tuberculose 4 Taiwan s’est abaissé 
de 285 pour 100.000 en 1947 & environ 60 pour cent 


mille en 1957. 
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HEPATIC TOXICITY OF PYRAZINAMIDE USED WITH ISONIAZID IN 
TUBERCULOUS PATIENTS' 


A United States Public Health Service Tuberculosis Therapy Trial 


(Received for publication May 4, 1959) 


INTRODUCTION 


Isoniazid, after nearly obliterating interest in 
pyrazinamide, was subsequently responsible for 
its reappraisal. Early in 1952, pyrazinamide, a 
new antituberculous agent, was demonstrated 
to have moderate activity in animals (1, 2) and 
short-term effectiveness in patients with pul- 
monary tuberculosis (3, 4). Although it was a 
welcome addition to the two effective drugs then 
available, streptomycin and PAS, the first  re- 
ports on pyrazinamide were followed almost im- 
mediately by enthusiastic descriptions of the 
antituberculous activity of isoniazid (5). 

General interest rightfully shifted to the more 
promising drug, but some investigators attempted 
to increase and prolong pyrazinamide’s effect by 
using it in combination with other agents, par- 
ticularly isoniazid. Reports by Schwartz and 
Moyer (6) and McDermott and his associates (7) 


! Report prepared by Frank W. Mount, Gooloo 
5. Wunderlich, Francis J. Murray, and Shirley H. 
Ferebee for the following clinical investigators: 
Dr. R. C. Edson, Cedarerest Sanatorium, Newing- 
ton, Conn.; Dr. G. C. Wilson, Uneas-on-Thames 
Sanatorium, Norwich, Conn.; Drs. H. C. Sweany, 
W. L. Potts, and B. L. Brock, Florida State Sana 
toriums at Lantana and Orlando, Florida; Dr. 
R. F. Corpe, Battey State Hospital, Rome, Ga.; 
Dr. P. T. Chapman, Herman Kiefer Hospital, 
Detroit, Michigan; Dr. W. J. Steininger, William 
H. Maybury Sanatorium, Northville, Michigan; 
Dr. 8S. S. Cohen, Glen Lake Sanatorium, Oak Ter- 
race, Minn.; Dr. C. A. Brasher, Missouri State 
Sanatorium, Mount Vernon, Missouri; Drs. A. 
Goldman, B. Friedman and M. B. Pianetto, 
Robert Koch Hospital, Koch, Missouri; Drs. H. 8. 
Willis, C. D. Thomas, W. H. Gentry, and H. F. 
Easom, North Carolina State Sanatoriums at 
Black Mountain, MeCain, and Wilson, N. C.; 
Dr. H. G. Curtis, Sunny Acres Hospital, Cleve 
land, Ohio; Dr. G. M. Eckley, Henry R. Landis 
State Hospital, Philadelphia, Pa.; Dr. G. E. 
Martin, Pittsburgh Tuberculosis Sanatorium, 
Pittsburgh, Pa.; Drs. E. P. Bowerman and F. H. 
Alley, Tennessee Tuberculosis Sanatoriums at 
Memphis and Oakville, Tenn.; Dr. E. H. Roberts, 
San Antonio State Tuberculosis Hospital, San 
Antonio, Texas; Dr. R. J. Davies, Firland Sana- 
torium, Seattle, Wash. 
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both emphasized the marked therapeutic §effi- 
cacy of pyrazinamide plus isoniazid in pulmonary 
tuberculosis. McCune (8) 
found indications that this combination of drugs 
eradicated tubercle bacilli from the tissues of ex- 


and his associates 


perimentally infected animals; a result they could 
not achieve with isoniazid, streptomycin, or PAS 
used singly or in any combination. 

Optimism over these therapeutic results was 
clouded by persistent reports of the occurrence of 
hepatic damage in patients receiving pyrazina- 
mide. Yeager and his associates (3) observed 
jaundice in of the forty-three patients 
treated with pyrazinamide alone. Liver function 


two 


tests in these two patients suggested parenchymal 
involvement, and the jaundice cleared when 
treatment was stopped. Schwartz and Moyer (6), 
over a period of two and one-half years, treated 
IS] patients with pyrazinamide, either alone or in 
combination with one of the other drugs. Treat- 
ment was stopped in two patients because of 
mild jaundice and in two others because of un- 
favorable changes in liver function tests. 
Campagna and his associates (9) reported that 
mild jaundice which appeared in three of twenty- 
one patients under treatment cleared without in- 
terruption of pyrazinamide. Despite the presence 
of jaundice, Campagna found no definite altera- 
tions in the cephalin flocculation and brom- 
sulphalein retention tests. McDermott and his 
associates (7), however, encountered more serious 
hepatic toxicity. Among 61 patients receiving 
pyrazinamide and isoniazid, evidence of impair- 
ment of hepatic function was observed in six pa- 
tients. Four of these patients developed jaundice, 
one of whom died of rapidly progressive hepatitis. 
Differences in the reported frequency and 
severity of hepatic disturbance emphasized the 
need for a trial 
number of cases, a concurrent control group, and 


which would include a large 
frequent and systematic testing of hepatic fune- 
tion. Thus, in September, 1954, physicians in 
twenty tuberculosis hospitals participating in the 


United States Public Health Service Tubercu- 
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losis Therapy Trials began a controlled investi- 


gation of pyrazinamide in combination with 


isoniazid, 
MATERIALS AND Meruops 

\ny patient with roentgenographie evidence of 
pulmonary tuberculosis which had been confirmed 
bacteriologically was eligible for the trial unless 
he had recognized liver disease. In the early weeks 
of the trial, the participating physicians generally 
restricted their selections to patients with far 
advanced tuberculosis who had responded in 


adequately to other chemotherapy. Each patient 


SERVICE 


INVESTIGATION 


selected by a participating hospital was randoml 
assigned in the central office to one of the follow 
ing 24-week regimens: 


Regimen 1. Isoniazid + PAS 24 weeks 
Regimen 2. Isoniazid + pyrazin- 

amide (25 mg. perkg.) 24 weeks 
tegimen 3. Isoniazid + pyrazin 

amide (25 mg. per kg.) 

Isoniazid + PAS 

Regimen 4. Isoniazid +  pyrazin- 

amide (40 mg. per kg.) 24 weeks 
Regimen 5. Isoniazid + pyrazin- 

amide (40 mg. per kg.) 12 weeks 
Isoniazid + PAS 12 weeks 


1 


2 weeks 
2 weeks 


TABLE 1 
IniTiAL CHaracrertstics or 780 Patients RaNpOMLY ALLOCATED TO Five REGIMENS 


Characteristics 


Number of patients 


face and sex 
Male white 
Male nonwhite 
Female white 
Female nonwhite 
Age (in 
Less than 35 


years) 


35-54 
55 and older 
Previous chemotherapy 
Streptomycin, isoniazid, PAS 
Streptomycin, isoniazid 
Streptomycin, PAS 
Isoniazid, PAS 
Streptomycin or isoniazid 
None 
Time since first hospital admission 
Less than 1 year 
l year 
2 veurs 
3 vears 
vears 
5 vears and over 
Stage of disease 
Minimal 
Moderate 
Far advanced 
Cavitation 
Present 
Absent 
Body weight 
Normal or overweight 
Underweight* 
Temperature 
Less than 99.0° F. 
99.0°F. and over 


Regimens 


Total 
1 2 3 4 5 
780 152 194 122 197 115 
Per Cent 

55.2 55.3 54.6 59.5 52.8 55.6 
17.6 15.8 18.1 15.7 19.8 17.4 
15.4 17.1 13.9 15.7 14.2 17.4 
11.8 11.8 13.4 9.1 13.2 9.6 
22.5 21.7 23.9 20.5 23.9 20.9 
19.4 18.7 5 18.4 16.2 53.0 
28.1 29.6 24.3 31.1 29.9 26.1 
60.3 57.9 67.0 59.5 61.7 50.4 
5.6 5.9 3.6 t.1 aa 7.8 
9.8 8.5 5.7 13.2 11.2 12.2 
7.5 11.2 6.7 5.9 5.6 8.7 
1.0 0.7 1.5 0.8 1.0 0.9 
15.8 15.8 15.5 16.5 13.3 20.0 
21.3 23.2 2 26.4 16.3 24.3 
12.7 12.6 14.5 8.3 15.7 9.6 
13.4 13 13.5 14.9 15.2 8.7 
11.6 8. 17.1 11.5 10.7 7.8 
8.8 7.3 8.! 5.0 8.1 15.7 
32.2 35.1 25.9 33.9 34.0 33.9 
0.3 0.6 0.5 

8.8 5.3 9.8 12.3 8.1 9.6 
90.9 94.1 90.2 87.7 | 91.4 | 90.4 

95.3 96.1 95.4 95.1 93.9 96.5 
1.7 3.9 1.6 1.9 6.1 3.5 
16.6 50.3 13.3 0.0 49.2 39.2 
53.4 19.7 56.7 50.0 50. 60.8 
82.2 83.3 81.8 85.6 79.1 
17.1 17.8 16.7 18.2 14.4 20.9 


* Minus deviation of more than 10 per cent from standard height-weight values. 
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HEPATOTOXICITY 


Each patient began his regimen as soon as the 
hospital was notified by telegram whether he was 
to receive PAS, or 25 or 40 mg. per kg. of pyra- 
zinamide with isoniazid for the first twelve weeks. 
The hospital was not told until his tenth week of 
treatment whether or not a patient receiving pyra- 
zinamide was to change to PAS for the second 
twelve weeks. Each drug was given daily in either 
two or three equal doses. The daily dose of PAS 
was the equivalent of 8 to 12 gm. of the acid, while 
the daily doses of isoniazid and of pyrazinamide 
were determined for each patient on the following 


basis: 


Pyrazinamide 
Isoniazid 


Weight at Beginning of Trial | (3-5 mg. 

kg.) 25 40 
mg./kg mg./kg 

pounds mg gm. gm 
Less than 95 200 1.0 1.5 
95-123 200 1.25 2.0 
124-154 200 1.5 2.5 
155-176 300 2.0 3.0 
More than 176 300 2.0 3.5 


Clinical and bacteriologic reports and roent- 
genograms of each patient were sent to the central 
office at the beginning of the trial and at 4-week 
intervals during 24 weeks of assigned treatment 
and 12 weeks of subsequent observation. One 
minute and total serum bilirubin (10) and cephalin 
cholesterol flocculation (11) were measured at 
weekly intervals during treatment. Bromsul 
phalein retention at 45 minutes (12), using 5 mg. 
of dye per kilogram of weight, was tested at the 
beginning and end of treatment and when other 
test values became abnormal. These laboratory 


OF PYRAZINAMIDE 


tests were done on all patients under study, 
whether or not they were receiving pyrazinamide. 
Tests were performed in each hospital laboratory 
without knowledge of the patient’s clinical condi- 
tion or the chemotherapy he was receiving. 

By March, 1955, 780 patients had been selected 
by the twenty participating hospitals. The number 
of patients assigned to each regimen is shown in 
table 1. In two hospitals there was considerable 
interest in the 24-week courses of pyrazinamide. 
It was agreed at the start of the study that no 
patients on pyrazinamide regimens from these 
two hospitals would change to PAS for the second 
12 weeks. Consequently, the numbers of patients 
on the 24-week courses of isoniazid plus pyra- 
zinamide are somewhat larger, and those on the 
12-week courses of isoniazid plus pyrazinamide 
followed by isoniazid plus PAS are somewhat 
smaller, than the 24-week control regimen, iso- 
niazid plus PAS. Examination of the data failed 
to disclose any bias produced by this unequal dis- 
tribution of patients from two hospitals. 

The centrally controlled random assignment of 
regimens resulted in five groups with similar char- 
acteristics at the beginning of the treatment 
period, as shown in table 1. More than half of the 
patients were white males, the remainder being 
fairly evenly distributed among nonwhite males, 
white females, and nonwhite females. The mean 
age was 46.5 years, with nearly half of the patients 
between 35 and 54 years of age. 

Information on the type of disease and previous 
treatment reflects the fact that the study popula- 
tion was made up largely of ‘‘treatment failures.’ 
Nearly 85 per cent of the patients had received 
some previous chemotherapy, and more than 90 
per cent had far advanced cavitary disease. Sixty- 
six per cent had had tuberculosis for at least 2 
years and 32 per cent for more than 5 vears. 


TABLE 2 


Disposition 


Total entering trial 
Deviated from assigned therapy 

Left hospital 

Refused assigned therapy 

Nontuberculous death or illness. 

Administrative error 

Critical worsening 

Tuberculous death 

Intolerance of assigned drug 
Completed assigned therapy 
Available for evaluation of toxicity* 
Available for therapeutic evaluation 


Regimen 
Total 
1 2 3 4 5 

780 152 194 122 197 115 
164 34 36 26 40) 28 
63 10 16 15 15 7 
14 i 2 l 3 4 
10 4 3 l l l 
14 l 7 2 } 
9 5 2 2 — 
25 5 } i 7 5 
29 5 2 5 10 7 
616 118 158 96 157 87 
645 123 160 101 167 O4 
650 128 164 100 166 92 


*Sum of those who completed assigned therapy and those removed from assigned therapy because 


of drug intolerance. 


t Sum of those who completed assigned therapy, those who became critically worse, and those who 


died from tuberculosis. 
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PUBLIC HEALTH 
Of the 780 patients, 164 failed to complete their 
assigned therapy for various reasons, as shown in 
table 2. The deviations appear to be fairly evenly 
distributed among the five regimens. 
{ESULTS 
Toxicity 

\ clinical appraisal of the toxicity of a drug is 
primarily concerned with the type, frequency and 
severity of reactions, and their relation to dose, 
duration of administration, and the susceptibility, 
if any, of particular subjects. Such information 
helps to establish limits for use of the drug and 
may furnish suggestions for the prevention or 
early recognition of toxic reactions. 

\s hepatitis was already known to be the 
principal type of toxicity associated with pyr- 
azinamide, the present trial was designed to study 
its frequency and severity. Hepatitis with jaun- 
dice can easily be recognized by examination of 
the patients. Hepatitis with symptoms but with- 
out jaundice is less easily identified, and minor 
hepatic disturbances can only be detected by ob- 
serving changes in liver function tested at regular 
intervals. The diagnostic difficulties do not end 
with recognition of hepatitis, as its etiology is 
often elusive. In this study, the control patients 
differed from the others only in that they re- 
ceived PAS rather than pyrazinamide as the 
companion drug of isoniazid. Hepatitis not. re- 
lated to chemotherapy may be expected to occur 
in equal proportions of all groups; any excess in 
hepatitis observed on pyrazinamide regimens rep- 
resents the increased risk of hepatitis incurred 
by using pyrazinamide rather than PAS in com- 
bination with isoniazid. 

To estimate how often elevated liver function 
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tests foreshadow clinical hepatitis it would hay 
been desirable to discontinue giving a_ patient! 


pyrazinamide only on the appearance of jaun 
dice. However, because toxic hepatitis can hay 
serious consequences, it was decided that pyr 
azinamide could be discontinued on the appear 
ance of abnormal hepatic tests. Unfortunatelh 
therefore, this material does not provide am 
information on how often elevated tests wouk 
have returned to normal if pyrazinamide ha 
been continued or how much the severity of rea 
tions was modified by stopping it. 

The data on toxicity are based on material o1 
645 patients: 616 patients who completed thei 
assigned therapy and 29 whose regimens wer, 
changed because of toxic reactions. The assigne: 
regmens were changed for 13 patients becaus 
of nonhepatic intolerance, as shown in table 3. Para 
aminosalicylic acid produced gastrointestinal dis 
turbances in 9 patients and sensitivity reactions 
in 2. Isoniazid caused peripheral neuritis in on 
patient, and the single patient with nonhepati¢ 
intolerance to pyrazinamide had gastrointestina 
difficulties. 

Hepatic toxicity developed in 21 patients, 5 o! 
whom completed therapy; 16 were removed from 
their assigned regimens. As shown in table 4, 20 
oi these patients received pyrazinamide in com 
bination with isoniazid. 

Only one patient (D. #7.) assigned to Regimen | 
(isoniazid plus PAS) had any hepatic disturb 
ance. Primarily he had a severe allergic reactio 
to PAS. The mild changes in liver function tests 
may have been only a manifestation of this gen 
eral reaction, rather than an indication of in 
cipient hepatitis. The possibility of pre-existing 


liver damage is suggested by his rather high pre- 


TABLE 3 


NUMBER AND PER CENT OF 


NONHEPATK 


Regimen 


PAS 
pyrazinamide 
pyrazinamide 
PAS 


pyrazinamide 


1. Isoniazid + 
2 Isoniazid T 


(25 mg. per kg. 
(25 mg. per kg. 


Isoniazid 
Isoniazid + 
Isoniazid 
5. Isoniazid + 


+ 


per kg. 
kg. 


(40 mg. 
(40 mg. per 


pyrazinamide 


PAS 


Isoniazid + 


PATIENTS CHANGED FROM ASSIGNED REGIMEN BECAUSE OF 
INTOLERANCE 


Total 
Toxic Agent 
Number Per Cent 
ceks 
24 3 2.4 3—PAS 
24 
12 3 3.0 3—PAS 
24 0.6 1—pyrazinamide 
12 1—isoniazid 
12 6.3 | 5—PAS 
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TABLE 4 


N 


Regimen 


+ PAS 

+ pyrazinamide (25 
+ pyrazinamide (25 
+ PAS 

+ pyrazinamide 
+ pyrazinamide 
+ PAS 


1. Isoniazid 
Isoniazid 
Isoniazid 
Isoniazid 
}. Isoniazid 
) Isoniazid 

Isoniazid 


mg. per kg.) 
mg. per kg.) 


(40 mg. per kg. 
(40 mg. per kg.) 


study values and a history of alcoholism. He 
has, however, been classified as an instance of 
toxic hepatitis due to PAS. 

In contrast to this solitary and somewhat 
questionable instance on the 24-week course of 
isoniazid plus PAS, all four pyrazinamide-con- 
taining regimens produced uneviquocal instances 
of hepatic disturbance. On Regimens 2 and 3, 
using the 25 mg. per kg. dose of pyrazinamide, 
and on Regimen 5 (40 mg. per kg. for 12 weeks), 
between 2 and 3 per cent of the patients de- 
veloped hepatie toxicity. The rate was twice as 
high on Regimen 4 (40 mg. per kg. for 24 weeks). 
Only the difference between Regimens 1 and 4 is 
statistically significant (P < 0.05), although the 
consistency and progression of the rates indicate 
that, though low, they approximate the risk of 
developing toxic hepatitis on these pyrazinamide 
regimens. 

Brief descriptions of the twenty-one hepato- 
toxic episodes are presented in figure 1, grouped 
according to the severity of the toxic reaction. 
The results of serum bilirubin, bromsulphalein, 
and cephalin flocculation tests are shown for the 
pretreatment week, the week before abnormal 
values appeared, and for selected weeks through- 
out the toxic episode. The tests between pre- 
treatment and the onset of toxicity showed only 


slight fluctuations around the pretreatment 
levels. 
Six patients had “marked” reactions: 4 who 


received the 40 mg. per kg. dose and 2, the 25 
mg. per kg. dose of pyrazinamide. Three reactions 
were classified as “moderate,”’ one in a patient 
receiving the 40 mg. per kg. dose and in 2 re- 
ceiving the 25 mg. per kg. dose. The 12 remaining 
patients had “mild” reactions, 8 on 40 mg. per 
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Hepatic Disturbance 


Total Patients 


Number | Per Cent 

weeks 

24 0.8 
24 60 4 2.5 
12 

12 101 3 3.0 
24 167 1] 6.6 
12 > 

12 3.1 


kg., 3 on 25 mg. per kg. of pyrazinamide, and one 
on PAS. 

Hepatic disturbances were reversible, and test 
values began returning to pretreatment levels 
after medications were changed. In one patient 
with a severe reaction (G. ./.), the total serum 
bilirubin after rising to 6.2 mg. per 100 ml. later 
returned to the pretreatment level of 1.2 mg. per 
100 ml., although pyrazinamide was never dis- 
continued. 

Hepatic disturbance first became evident for 2 
patients after completion of their 12-week courses 
of pyrazinamide. For one patient (/. E.) on 
Regimen 3, liver function test elevations were first 
observed a week after pyrazinamide was discon- 
tinued. It has been assumed that pyrazinamide 
was responsible for the elevated values, as they 
soon returned to normal without interruption of 
his treatment with isoniazid plus PAS. The other 
patient (R. H.), on Regimen 5, did not show any 
elevation of liver function tests until four weeks 
after pyrazinamide was discontinued and two 
weeks after a lobectomy. Treatment with isoni- 
azid plus PAS was continued, and his liver fune- 
tion tests returned to normal within two wecks. 
Although his slight hepatic disturbance has been 
considered as a late reaction to pyrazinamide, it 
may actually have been a response to the stress of 
surgery as alterations in liver function are known 
to occur postoperatively (13). 

The material has been examined to ascertain 
whether hepatic toxicity tended to be associated 
with certain characteristics of the patients, but 
no clear-cut associations have emerged. Of the 
20 patients with reactions to pyrazinamide, there 
were 12 white males, one white female, 2 non- 
white males, and 5 Their 
ages ranged from 19 to 73 years: 6 less than 35 


nonwhite females. 
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Fic. 1. Description of episodes of hepatic toxicity in twenty-one patients with pulmonary tubereu 


losis, grouped by severity of toxic reaction. (Serum bilirubin, one minute and total, recorded in mg! 


per 100 ml., bromsulphalein in per cent of dye retained at forty-five minutes, and cephalin flocculatior 
in degrees of flocculation.) 


MARKED REACTIONS—6 PATIENTS 


9 


G. M.: Regimen nonwhite male, 33 years, 199 pounds. Twenty-four-week course of isoniazid and 
pyrazinamide (25 mg. per kg.) completed, followed by streptomycin plus PAS. 


Test Values in Specified Treatment Weeks 


Tests - 
L.. 7 8 9 10 11 12 13 15 17 
Serum bilirubin 
One-minute 0.2 3.3 2.0 0.9 0.2 0.2 0.2 0.4 0.2 0.3 
Total 0.8 6.2 3.8 2.0 1.4 1.6 1.6 1.5 1.2 1.3 
Bromsulphalein 
Cephalin flocculation {+ 4+ 4+ $+ $+ $+ $+ 4+ 3+ 3+ 


In the seventh week, when the serum bilirubin levels were highest, the patient developed slight tint 
ing of the sclera and a palpable liver. During this week he also had nausea, vomiting, and abdominal 
pain for twenty four hours after eating a can of sardines, wieners, and drinking a quart of milk. 


W. M.: Regimen 3—white male, 62 years, 132 pounds. Pyrazinamide (25 mg. per kg.) discontinued ir 
eleventh week. Four days later PAS was added to isoniazid. 


Test Values in Specified Treatment Weeks 


Tests 
— 7 8 10 it 12 13 14 15 17 19 
Serum bilirubin 
One-minute 0.4 0.4 0.6 1.0 2.4 4.6 » me 1.7 1.2 0.8 0.6 
Total O.S 0.9 0.9 1.5 3.2 6.0 3.4 2.4 1.6 1.2 1.0 + 
Bromsulphalein 4.8 
Cephalin flocculation 1+ | + 3+ 3+ 4+ 3+ 3+ 3+- 2+ D4 1+ 


Slight tinting of the sclera appeared in the twelfth week. A few weeks later the liver was slightly en- 
larged and tender. By the nineteenth week the patient no longer had any clinical signs, and liver func 
tion values had returned to normal. Bromsulphalein was done only at pre-study. No further informa 
tion is available as the patient left the hospital with permission in the twentieth week. 


G. A.: Regimen 4—nonwhite female, 28 years old, 97 pounds. Pyrazinamide (40 mg. per kg.) dis 
continued in nineteenth week. PAS and streptomycin added to isoniazid in twenty-second week. 


Test Values in Specified Treatment Weeks 


Tests 
ak 12 13 15 16 17 19 20 22 25 
Serum bilirubin 
One-minute 0.1 0.2 0.2 0.9 1.4 2.6 2.8 1.4 0.8 0.2 
Total . 0.4 0.9 1.3 2.6 3.8 4.4 5.4 3.2 1.8 0.8 
Bromsulphalein 3 55 13 
Cephalin flocculation 3+ 0 3+ $+ $+ $+ $+ $+- $+ 


In the nineteenth week the patient developed tinting of the sclera and complained of nausea, vomit- 
ing, and headache. Her symptoms disappeared two weeks after pyrazinamide was discontinued and 
her further clinical course was uneventful. Bromsulphalein was not retested until the thirty-seventh 
week when there was only 2 per cent retention. 
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Fic. 1—Continued 


E. M.: Regimen 4—nonwhite female, 47 years, 146 pounds. Isoniazid and pyrazinamide (40 mg. per 
kg.) discontinued in twenty-third week. Isoniazid was re-started in twenty-fifth week and PAS added 
in the twenty-seventh week. 


Test Values in Specified Treatment Weeks 


Tests 
b.. 4 21 22 23 24 25 28 31 37 
Serum bilirubin 
One-minute 0.7 0.8 1.4 7.8 11.0 6.8 1.6 0.9 0.5 
Total 1.2 x 1.9 11.0 14.0 7.8 2.0 1.2 0.8 
Bromsulphalein 4 - - - 55 9 12 
Cephalin flocculation 1+ 0 2+ 4+ 4+ 4+ 0 1+ 0 


The patient complained of nausea and abdominal pain during the first week of treatment. She again 
complained of nausea, vomiting, abdominal pain, and malaise in the twenty-second week, and de- 
veloped jaundice a week later. All signs and symptoms subsided within four weeks, after which her 
course was uneventful 


M. C.: Regimen 4—nonwhite female, 24 years, 112 pounds. Pyrazinamide (40 mg. per kg.) discon- 
tinued in twenty-third week. PAS added to isoniazid in twenty-fifth week. 


Test Values in Specified Treatment Weeks 


Tests 
Pre-study 21 22 23 24 25 28 31 
Serum bilirubin 
One-minute 0.1 0.1 0.9 8.0 8.0 3.2 0.9 0.1 
Total 0.2 0.6 2.4 15.0 14.0 6.0 1.8 0.9 
Bromsulphalein 2 88 83 15 - 
Cephalin flocculation 3+ 4+ $+ 4+ 4+ $+ $+ $+ 


The patient developed jaundice with nausea and vomiting in the twenty-third week. Symptoms 
lasted for about three weeks. Seven weeks after pyrazinamide was discontinued the serum bilirubin 
had returned to normal. Bromsulphalein retention was only 6 per cent by the thirty-seventh week. 


J. R.: Regimen 4—white male, 48 years, 144 pounds. Isoniazid and pyrazinamide (40 mg. per kg.) 
discontinued in twenty-second week. Isoniazid reinstituted with PAS in twenty-fifth week. 


Test Values in Specified Treatment Weeks 


Tests 
4 20 21 22 23 24 25 27 30 
Serum bilirubin 
One-minute , 0.3 0.2 0.4 0.4 6.6 3.3 2.0 0.6 0.1 
Total 0.7 0.9 2.4 6.2 11.4 1.8 3.1 1.4 0.5 
Bromsulphalein . . 10 : 35 14 31 
Cephalin flocculation 1+ 1+ 3+ 4+ 4+ 2+ 0 


The liver was enlarged initially and showed no subsequent change. In the twenty-third week the 
patient complained of nausea, malaise, and abdominal pain. The same week he developed jaundice. 
The signs and symptoms lasted only about two weeks, and the serum bilirubin and cephalin flocculation 
soon returned to normal. The bromsulphalein was not repeated until the thirty-sixth week when there 
was 12 per cent retention. 
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MODERATE REACTIONS—3 PATIENTS 


F. F.: Regimen 2—white male, 52 years, 159 pounds. Twenty-four-week course of isoniazid plu VW 
pyrazinamide (25 mg. per kg.) completed. Isoniazid with PAS begun in twenty-fifth week. ' “ th 
in 
Test Values in Specified Treatment Weeks 
Tests 
Ba 4 23 24 25 26 28 31 34 37 
Serum bilirubin 
One-minute 0.0 0.5 0.8 1.7 3.0 1.1 0.7 0.6 0.5 On 
Total 0.5 0.8 1.2 2.3 3.9 1.6 1.2 0.9 0.8 Tot 
Bromsulphalein 0 71 8 ne 
Cephalin flocculation .| O 3+ 4+ 3+ 3+ 3+ 2+ 3+ Itf¢ ph 
The patient never had significant signs or symptoms; and liver function values, after reaching Th 
peak in the twenty-sixth week, returned to normal about eleven weeks later. rape 
es 


1. B.: Regimen 2—white male, 42 years, 110 pounds. Isoniazid and pyrazinamide (25 mg. per kg.) chang 


discontinued in the fifteenth week. Isoniazid and PAS begun in twenty-fifth week. retur 
Test Values in Specified Treatment Weeks E. 
lest disco! 
ests 
Pre 10 11 12 13 14 15 17 18 19 20 
study 


Serum bilirubin 


(ne-minute 0.1 0.4 0.4 0.4 0.2 0.3 0.4 0.2 0.2 0.2 0.1 
Total 0.2 | 0.8 | 0.8 | 0.8 | 0.6 | 0.6 | 0.8 | 0.6 | 0.4 | 0.8 | 0.6 
Bromsulphalein 3 25 25 30. Serun 
Cephalin flocculation 0 3+ 3+ 3+ 2+ 3+ 1+ 2+ 2+ 2+ 0 oe 
ot 
The liver became palpable in the fifth week, and was grossly enlarged by the tenth week, when brom Brom 
sulphalein retention was 25 per cent. Bromsulphalein retention remained elevated and was 20 per Cephi 
cent in both the thirtieth and the thirty-sixth weeks. The liver was still palpable in the thirty-sixt! : 
week Ex 
and b 
T. M.: Regimen 4—white male, 69 years, 120 pounds. Isoniazid and pyrazinamide (40 mg. per kg.)* 
discontinued in the sixteenth week Psi 
plus | 
Test Values in Specified Treatment Weeks 
rests 
Pre-study 13 14 15 16 17 21 23 
Serum bilirubin 
One-minute 0.7 0.6 1.4 2.8 | Serun 
Total 1.0 1.0 1.9 3.8 1.4 0.9 0.9 One 
Bromsulphalein 18 Tot 
Cephalin flocculation 1+ 1+ 3+ 1+ 3+ 3+ 3+ 3+ Brom 
Ceph: 
In the fifteenth week the patient complained of nausea, headache, and general malaise. The serum 
bilirubin returned to the initial level by the twenty-first week, but the cephalin flocculation did not The 
decline until the thirtieth week, when it became 1+. The bromsulphalein was not repeated. the ei 
MILD REACTIONS—l12 PATIENTS 


D. H.: Regimen 1—white male, 51 years, 147 pounds. PAS was discontinued in the fourth week.{ plus | 
Streptomycin was substituted in the sixth week. 


Test Values in Specified Treatment Weeks 


Tests 
Pre-study 3 4 6 ) 10 11 12 | 

Serun 
Serum bilirubin One 
One-minute 0.5 1.5 1.1 0.9 0.5 0.6 0.4 0.3 Tot 
Total 0.9 2.2 1.6 1.4 0.8 0.8 0.8 0.6 Brom: 
Bromsulphalein 6 25 Ceph: 
Cephalin flocculation 2+ 2+ 2+ 3+ 2+ 2+ 3+ 1+ Tl 


The patient had been a chronic alcoholic. In the fourth week he had a rash, malaise, headache, and the te 
severe fever of 104.5°F. Five days later a test dose of PAS resulted in nausea, vomiting, itching of the 
skin, and severe fever. His signs and symptoms disappeared the following day. 
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Fic. 1—Continued 
M. W.: Regimen 2—white female, 19 years, 105 pounds. Pyrazinamide (25 mg. per kg.) discontinued 
in the eighth week and PAS substituted. 


Test Values in Specified Treatment Weeks 


Tests 
pes 3 4 5 6 7 8 9 10 13 15 16 
Serum bilirubin 
One-minute 0.1 1.1 0.7 0.4 0.6 0.3 0.5 0.5 0.5 0.6 0.1 
Total 0.8 1.3 B® | 1.0 1.6 1.4 2.0 bod 1.0 ia 0.5 
Bromsulphalein 5 15 7 10 0 0 0 
Cephalin flocculation 0 1 3+ 3+ $+ 2+ 2+ i 0 2+ i+ 


This patient had received no chemotherapy prior to the study, and the expectation of a favorable 
response with isoniazid plus PAS prompted the withdrawal of pyrazinamide after relatively slight 
changes in liver function. Her clinical course was uneventful and eight weeks later her test values had 


returned to normal. 


E. G.: Regimen 3—white male, 58 years, 100 pounds. Isoniazid and pyrazinamide (25 mg. per kg.) 


discontinued in eleventh week. Isoniazid plus PAS begun in thirteenth week. 
Test Values in Specified Treatment Weeks 


rests 


— 8 9 10 i 12 13 14 15 18 
Serum bilirubin 
One-minute 0.0 0.2 0.3 0.2 0.5 0.3 0.3 0.4 0.1 
Total 0.3 1.0 1.0 1.1 1.9 0.8 1.0 0.9 0.7 
Bromsulphalein 9 38 52 44 31 8 
Cephalin flocculation _ 2+ 3+ $+ $+ 3+ 0 1+ 2+ I+ 


Except for slight abdominal pain in the eleventh week, the patient’s clinical course was uneventful, 


and by the eighteenth week liver-function values had returned to normal. 
F. E.: Regimen 3—white male, 52 years, 158 pounds. Assigned regimen of twelve weeks of isoniazid 
plus pyrazinamide (25 mg. per kg.) and twelve weeks of isoniazid plus PAS completed. 


Test Values in Specified Treatment Weeks 


ests 
Pre-study 11 12 13 14 16 18 23 
Serum bilirubin 
One-minute 0.2? 0.2 0.4 1.1 Rol 0.4 0.4 
Total 0.6 0.6 0.9 1.4 1.3 0.6 0.6 
Bromsulphalein 2 13 19 13 
0 0 0 0 0 0 


Cephalin flocculation 0 


The patient had no signs or symptoms. Serum bilirubin returned to normal within three weeks. In 
the eighteenth and twenty-third weeks bromsulphalein retention was 19 and 13 per cent. 

A. B.: Regimen 4—nonwhite female, 29 years, 110 pounds. Twenty-four-week course of isoniazid 
plus pyrazinamide (40 mg. per kg.) completed. Isoniazid plus PAS begun in twenty-fifth week. 


Test Values in Specified Treatment Weeks 


Tests 


Pre-study 21 22 23 24 25 27 28 
Serum bilirubin 
One-minute 0.5 0.6 1.0 1.0 1.5 1.2 0.3 
Total 0.9 0.9 1.4 1.4 1.9 1.6 0.5 
Bromsul phalein 3 - 5 
Cephalin flocculation .| 0 0 2+ 24 2+ 2+ 0 


The patient had no significant signs or symptoms. Bromsulphalein retention was 5 per cent when 


the test was repeated in the thirty-seventh week. 
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Fic. 1—Continued 
E. H.: Regimen 4—white male, 65 years, 122 pounds. Pyrazinamide (40 mg. per kg.) was discontinue 
in the eighteenth week and PAS substituted. 


Test Values in Specified Treatment Weeks 


Tests 
Pre-study 13 14 15 16 17 18 
Serum bilirubin 
One-minute 0.5 0.6 0.7 1.2 1.4 1.3 0.7 
Total . 0.8 0.9 1.0 1.7 2.2 Ss, 1.0 
Bromsulphalein 9 
Cephalin flocculation }+ 2+ 2+ 3+ 2+ 


The patient had no significant signs or symptoms. The week in which pyrazinamide was discontinue 
the test values showed a slight decline. No further tests were done on this patient after the eighteent! 
week. In the thirtieth week he refused to take PAS and received isoniazid alone. Three months lat 
he left the hospital against advice 
F. G.: Regimen 4—white male, 73 years, 133 pounds. Isoniazid and pyrazinamide (40 mg. per kg 
discontinued in sixteenth week. No further chemotherapy. 


Test Values in Specified Treatment Weeks 


rest 
ben 4 i 12 13 15 16 17 18 19 0 22 
Serum bilirubin 
One-minute 0.2 0.2 0.9 0.4 0.4 0.4 0.6 0.4 0.3 0.2 0.1 
Total 0.3 0.7 1.1 0.8 1.0 1.0 0.8 0.9 0.8 0.5 | 0.3 
sromsulphalein 3 35 14 25 37 14 
Cephalin flocculation 0 0 0 2+ 2+ 3+ 2+ 0 0 0 0 


The patient had no significant signs or symptoms. In the twenty-ninth and thirty-sixth weeks brom 
sulphalein retention was 20 per cent and 10 per cent, respectively 


P. J.: Regimen 4—nonwhite female, 47 years, 125 pounds. Pyrazinamide (40 mg. per kg.) discon 
tinued in the twenty-second week and PAS substituted. 
Test Values in Specified Treatment Weeks 
Tests 
| 20 21 22 23 25 2% 27 28 
Serum bilirubin 
One-minute 0.3 0.4] 0.2 0.3} 0.58; 0.5; 0.3; 0.2] 0.2; O.I 
Total 0.8 1.2) 0.5 0.5 1.4 1.7 1.2; 0.7 1.0; 04 
Bromsulphalein j 1 52 16 14 22 22 21 14 10 
Cephalin flocculation 0 0 1+ 0 0 0 0 0 1+ 0 0 


In the twenty-second week the patient complained of slight nausea and abdominal pain which per 
a few days. Cephalin flocculation was never elevated, and total serum bilirubin was 
above the normal range for only three weeks. Bromsulphalein retention gradually decreased and was 
only 8 per cent when the test was repeated in the thirty-seventh week. 


sisted for only 


Rk. B.: Regimen 4—nonwhite male, 51 years, 155 pounds. Isoniazid and pyrazinamide (40 mg. pet 
kg.) discontinued in the sixth week. Isoniazid plus PAS begun in thirteenth week. 


Test Values in Specified Treatment Weeks 


Tests 
Pre 
stud 5 6 7 ) 10 11 12 
Serum bilirubin 
One-minute 0.3 0.4 1.2 2 1.0 0.8 0.1 0.9 0.6 0.2 
Total 0.3 0.9 1.2 1.2 1.0 0.8 0.7 1.1 0.6 0.5 
Bromsulphalein 10 60 28 
Cephalin flocculation 0 0 2+ 4+ 3+ 1+ 0 0 0 0 


The patient was diabetic and had been an alcoholic for several years. His liver was slightly enlarged 
at pre-study. He complained of many vague symptoms even before treatment, but his complaints were 


somewhat more frequent during the toxie period. His clinical condition was slightly improved after 


drugs were discontinued. 
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Fic. 1 

QO. A.: Regimen 4—white male, 68 years, 161 pounds. Isoniazid and pyrazinamide (40 mg. per kg.) 
were discontinued in thirteenth week. Isoniazid plus PAS begun in sixteenth week. 


Continued 


Test Values in Specified Treatment Weeks 
Tests 
Pre 
study 


Serum bilirubin 


One-minute 0.1 0.3 0.4 0.5 0.5 0.6 0.5 0.5 0.5 0.4 0.5 
Total 0.2 0.6 1.0 0.8 0.8 1.0 1.0 1.0 1.0 0.6 0.6 
Bromsulphalein 2 25 10 20 
Cephalin flocculation 3+ 3+ 3+ 3-4 3+ $+ 3+ 3+ 34 B+ 3+ 


In the tenth week the patient complained of anorexia. At the time drugs were discontinued he was 
complaining of nausea, vomiting, and abdominal pain. These symptoms disappeared, and hepatic tests 
had returned to normal within two weeks. Bromsulphalein was not repeated until the thirty-sixth week 
when there was only 10 per cent retention. 


A, W.: Regimen 5—white male, 25 years, 130 pounds. Pyrazinamide (40 mg. per kg.) discontinued 
in eighth week and PAS substituted. 


Test Values in Specified Treatment Weeks 


rests 
bn 5 6 7 8 9 10 11 12 13 
Serum bilirubin 
One-minute 0.6 0.2 0.3 0.7 0.3 0.3 0.2 0.2 0.2 0.1 
Total 6.7 0.6 1.0 1.7 0.9 1.3 0.5 0.5 0.5 0.3 
Bromsulphalein.. . l 2 14 30 27 1] 18 16 13 4 
Cephalin flocculation 1+ 2+ 3+ 2+ 34 0 1+ 0 1+ 1+ 


The patient’s clinical course was uneventful except for some epigastric discomfort while taking pyra- 
zinamide and for a few days after the drug was discontinued. 


R. H.: Regimen 5—white male, 60 years, 147 pounds. Twelve-week course of isoniazid plus pyrazina- 
mide (40 mg. per kg.) completed. Isoniazid plus PAS begun in thirteenth week. 


Test Values in Specified Treatment Weeks 


Tests 
Pre-study 15 16 17 18 19 
Serum bilirubin 
One-minute 0.3 0.1 0.4 0.3 0.2 0.2 
Total 0.8 0.5 2.0 1.2 0.9 0.5 
Bromsulphalein 3 12 16 
Cephalin flocculation 0 1+ 2+ 1+ 1+ J+ 


The patient complained of malaise in the eleventh week when slight enlargement and tenderness of 
the liver were observed. These signs and symptoms were more acute by the sixteenth week. The test 
values were elevated in the sixteenth week, four weeks after pyrazinamide therapy was completed and 
two weeks after a left upper lobectomy. Hepatic values had returned to normal by the nineteenth week, 
although there was still some liver enlargement. Bleeding from the pulmonary artery was never suc- 
cessfully stopped, and he died of a postoperative hemorrhage in the twenty-third week. 


years, 7 between 35 and 54 years, and the re- 
maining 7 more than 54 years. 


several hospitals consistently reported higher test 
values than others. This has been interpreted as 
indirect evidence of variation in techniques of 
performing the tests. The effect of this variation 
is to make the distributions of tests from all 
hospitals cover a somewhat wider range than 


Hepatic Tests on Study Population 


Although, in planning the study, all hospitals 
agreed on the same method for each of the tests, 
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382 PUBLIC HEALTH 
those from any single hospital, but it does not 
affect the reliability of comparisons of different 
regimens. As would be expected in initially com 
parable groups of patients, the pretreatment dis 
tributions for the five regimens were similar, as 


shown in table 5. Abnormal pretreatment values 


were obtained frequently on each of the tests, 


TABLE 5 


Per Cent DistTRIBUTION OF PATIENTS BY RESULTS 


or PRETREATMENT Liver Function Tests 

Regimen 

Li I t Test Total 
1 2 3 

One-Minute Serum Bilirubin 
Number tested | 599 113 92 
None 20.5 (17.7 (27.3 |22.8 (21.8 
0.1.2 51.3 54.0 51.4 46.7 56.7 42.6 
0.3-0.4 17.9 |14.2 (10.7 |20.7 |23.6 /21.8 
0.5-0.6 7.8 | 9.7 | 9.3 | 8.7 | 3.8 | 9.2 
0.7 and over 2.5 1.4 1.3 1.1 1.9 1.6 


Total Serum Bilirubin 


Number tested 639 121 | 159) 99 166 4 


Less than 0.4../28.3 |28.1 |35.9 |22.2 (28.2 |22.4 
0.4-0.8 57.5 57.0 53.4 61.6 57.3 60.6 
0.9-1.0 8.2; 9.1 6.9 | 7.1 | 9.7 | 7.4 
1.1-1.2 2.9 | 2.5 | 3.2 | 2.0 | 3.6 | 3.2 
1.3 and over 3.1 s.e 0.6 7.1 1.2 | 6.4 


Bromsulphalein 


Number tested 629) 117) 158 | 96 165 | 93 


Per cent reten 
tion 
0-1 26.9 |26.5 [27.9 |28.1 (23.0 (31.2 
2-6 49.6 |52.2 49.4 |50.0 |49.2 |47.3 
7-10 16.5 |IS.8 15.2 13.5 |20.6 |11.8 
11-15 1.7) 6.3 | 5.2) 4.2] 6.5 
16-19 1.1 0.8 | 0.6 | 2.1 | 1.2) 1.1 
20 and over 1.1 0.6 1.1 1.8 2.3 


Cephalin Floceculation 


Number tested | 639 | 121) 159) 99 166 94 


Dearec 
Negative 53.7 }45.5 57.2 |62.6 |48.2 |58.5 
1+ 17.5 (19.0 13.2 |24.3 |16.2 |18.1 
2+ 14.9 |20.7 (12.0 | 8.1 (17.5 |14.9 
10.9 10.7 (15.1 1.0 13.9 6.4 
3.0! 4.1 | 2.5 | 1.0) 4.2) 2.1 
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although no patient included in the trial had 
cither a history of chronic hepatic disease or evi-? 
dence of present involvement. 

The one-minute serum bilirubin tests varied 
from no detectable bilirubin to 0.9 mg. per 100 
ml., with a concentration around 0.1 mg. and a 
mean of 0.2 mg. Tests for 28 per cent of the pa- 
tients were above 0.2 mg., usually considered the: 
upper limit of normal (14). 

The total serum bilirubin values ranged from 
none to 2.8 mg. per 100 ml. with a mean of 0.5 
mg. If 1.0 mg. per 100 ml. is taken as the upper 
limit of normal (14), 6 per cent of the patients 
had abnormal pretreatment values. 

On the pretreatment bromsulphalein test, the 
per cent of dye retained at 45 minutes ranged from 
0 to 29, with a mean of 4. Among these patients, 
nearly 24 per cent had values above 6 per cent 
retention, the upper limit of normal (15). 

Results of the pretreatment cephalin floceula- 
tion test ranged from negative to four-plus. Values 
over one-plus, which are usually interpreted as 
abnormal (14), were reported at pretreatment for 
29 per cent of the patients. 

In figure 2, the distributions of pretreatment 
one-minute and total serum bilirubin tests ar 


compared with those after 12 and 24 weeks of” 


treatment for each regimen separately. Similar 
comparisons for bromsulphalein cephalin 
flocculation tests are shown in figure 3. There 
are no significant changes in the distributions 
during treatment, whether or not treatment in- 
cludes pyrazinamide, indicating that there is no 
general tendency for test values to increase as 


treatment continues. 


Therapeutic Efficacy 


The trial was designed primarily to evaluate 
the toxic effects of pyrazinamide when used in 
combination with The therapeutic 


efficacy of the respective regimens cannot be ac- 


isoniazid. 


curately evaluated because nearly all of the pa- 
tients had failed to respond to previous treatment 
with isoniazid, streptomycin, and PAS. 
Bacteriologic and roentgenographic examina- | 
tions were made monthly, but material is pre- 
sented here only on roentgenographic change since 
reversal of infectiousness occurred too rarely to 


make comparisons of regimens useful. All of the 
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clinical investigators contributing patients to graphic change, films were assigned to each 
the trial participated in the roentgenographic reader by a scheme which provided that: films for 
evaluation conference. In order to obtain an ob- each patient were judged independently by three 
jective and unbiased evaluation of roentgeno- readers; no investigator evaluated any of his own 


SERUM BILIRUBIN 


ONE MINUTE TOTAL 
60F 
I+ PAS L I+ Pas 
5 
I+PZA (25mg/kg) I+PZA(25mq/kg 


I+PZA (25mg/kg)—I+ PAS q 
oO 
x a 
a 
I+PZA(40mg/kg) I+ PZA(40mg/kg) 
40 7 
20 
60 
I+PZA (40mg/kg)— 1+ PAS I+PZA (40mg/kg) I+PAS 
40 
20 is 
4 
4 ‘ 
4 
05 or 05 15 20+ 
mg per mg per |OOm! 
—— Pretrectment -----l2 Weeks —-—24 Weeks 


Fic. 2. Per cent distribution of one-minute and total serum bilirubin tests at pretreatment, and after 
twelve and twenty-four weeks of treatment, by regimen. 


4 A 
i 
3 
20 
7 
6¢ 


384 


PUBLIC HEALTH SERVICE 


INVESTIGATION 


BROMSULPHALEIN 


CEPHALIN FLOCCULATION 


I+ PAS 
60 
I+PZA(25mg/kg) 
4 
2 
ok 
2 I+PZA(25mg/kg)—I+PAS I*+PZA (25mg/kqg)—I+PAS 
be 
x 
uJ 
— 
“SS: 
60 
I+PZA(40mg/kg) I+PZA(40mg/kg) 
4 
2 


I+PZA (40mg/kg)—>1+ PAS 


5 10 20+ 
% retention at 45 min 


——Pretreatment 


-----I2 Weeks 


— 

i+ 2+ 3+ 4+ 
Degree of Flocculation 
24 Weeks 


Fic. 3. Per cent distribution of bromsulphalein and cephalin flocculation tests at pretreatment, and 
after twelve and twenty-four weeks of treatment, by regimen. 


cases; cach reader evaluated equal proportions of 
the films from each regimen; and all evaluations 
were made without knowledge of the regimens or 
of the clinical conditions of the patients. 


change 


The 


shown in table 6 is based on 650 patients: 616 


analysis of roentgenographic 


who completed their prescribed therapy, 9 who 
became critically worse, and 25 who died of tu- 
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TABLE 6 
Per Cent DistRIBUTION OF PATIENTS BY ROENTGENOGRAPHIC CHANGES OBSERVED AFTER 


Regimen 


+ PAS 
+ pyrazinamide 
+ pyrazinamide 
+ PAS 
+ pyrazinamide 
+ pyrazinamide 
+ PAS 


1. Isoniazid 
2. Isoniazid 
3. Isoniazid 

Isoniazid 
$. Isoniazid 
5. Isoniazid 

Isoniazid 


per kg.) 
per kg.) 


(25 mg. 
(25 mg. 


per kg.) 
per kg.) 


(40 mg. 
(40 mg. 


berculosis. Improvement was infrequent on 
regimen, and none of the differences among regi- 


any 


mens is statistically significant. 


DISCUSSION 


The hepatic toxicity of pyrazinamide in com- 
bination with isoniazid was studied in twenty 
tuberculosis hospitals participating in the United 
States Public Health Service Tuberculosis Ther- 
apy Trials. The trial was designed to compare 
pyrazinamide with PAS when combined with 
isoniazid, and to investigate the effect of dosage 
and duration of treatment. A total of 780 pa- 
tients, most of whom had not improved on previ- 
ous chemotherapy, were randomly assigned to 
regimens containing isoniazid plus either PAS or 
pyrazinamide. Pyrazinamide was used in two 
dosages, 25 and 40 mg. per kg., and in 12- and 
24-week courses. 

The results corroborate the findings of other 
workers that pyrazinamide has the capacity to 
produce hepatic toxicity when used with isoniazid 
in the treatment of tuberculosis. In addition, the 
data indicate that a 12-week course employing 
either a 25 or 40 mg. per kg. daily dose of pyrazina- 
mide had a lesser incidence of hepatic toxicity, 
between 2 and 3 per cent. The rate of toxicity 
with the 25 mg. per kg. dose did not increase when 
treatment was continued for 24 weeks. However, 
24 weeks’ administration of the 40 mg. per kg. 
dose resulted in a distinctly higher rate, 6.6 per 
cent. 

The hepatic tests on the total study population 
reveal that a wide range of values may be ex- 
pected among tuberculous patients who have no 
evidence of liver disease. Comparison of the tests 
before and after treatment does not suggest 
that pyrazinamide was hepatotoxic in some degree 
for most patients. Rather, its hepatic toxicity 


24 Weeks or TREATMENT 


Total Improve- No Worsen- 


Patients ment Change ing Dead 
weeks 
24 128 13.5 74.6 1.9 4.0 
24 164 18.4 76.6 2.5 2.5 

12 
12 100 14.1 44.3 4.0 4.1 
24 166 10.4 79.8 5.5 4.3 
12 
12 92 14.6 19.8 — 5.6 


would appear to be highly selective, although pre- 
disposing factors are not apparent in the present 
material. 

Favorable reports of pyrazinamide’s thera- 
peutic efficacy made it desirable to determine 
more precisely its role in the chemotherapy of 
tuberculosis. However, the possibility of frequent 
and serious toxicity deterred investigations in 
previously untreated patients who could be ex- 
pected to respond favorably to accepted chemo- 
therapy, the very patients most useful for tests 
of therapeutic effect. In the present toxicity trial 


” 


among “treatment failures,” a short course of 
pyrazinamide was relatively nontoxic, and its use 
seemed permissible in patients with more favor- 
able prognoses. Therefore, the participants in the 
United States Public Health Service Tuberculosis 
Therapy Trials have undertaken a controlled 
investigation of pyrazinamide’s therapeutic effec- 
combination with various anti- 
microbial agents as one segment of long-term 


tiveness in 


chemotherapy. 


SUMMARY 

Twenty hospitals participating in the United 
States Public Health Service Tuberculosis Ther- 
apy Trials undertook a controlled investigation of 
the hepatic toxicity of pyrazinamide on 780 pa- 
tients with far advanced pulmonary tuberculosis. 
Patients were randomly assigned to 5 regimens: 
the control regimen, PAS with isoniazid, and four 
isoniazid. 


Pyrazinamide was used in two dosages, 25 and 


regimens using pyrazinamide with 
40 mg. per kg., and each dosage was studied in 
both 12- and 24-week courses. 

Only one hepatic episode was observed among 
patients receiving isoniazid plus PAS. Twelve 
weeks of treatment with either 25- or 40-mg. per 


kg. doses of pyrazinamide produced hepatic 


| 
eee 
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damage in 2 to 3 per cent of the patients. With 
the 25 mg. per kg. dose, the rate on the 24-week 
course was no higher than on the 12-week course, 
but continued use of the 40-mg. per kg. dose for 
24 weeks sharply increased the rate of hepatic 
toxicity to more than 6 per cent. Although it 
seems unlikely that pyrazinamide’s hepatic 
toxicity occurred at random, predisposing or pre- 
cipitating factors were not detected. 

The results of liver function tests before and 
during treatment on all regimens indicated that: 
(7) in tuberculous patients there was a wide range 
of “normal” values on serum bilirubin, brom- 
sulphalein, and cephalin flocculation tests; (2) 
consequently a single high test value was less im- 
portant than increase from previous levels in 
presaging hepatic disturbance; and (3) there was 
no general tendency for test values to increase 
during treatment with pyrazinamide. 


SUMARIO 


Toxicidad Hepdtica de la Piracinamida Usada con 
la Isoniacida en los Tuberculosos 


Veinte hospitales que participan en las Pruebas 
de Terapéutica Antituberculosa del Servicio de 
Sanidad Pibliea de los E. U. A. emprendieron una 
investigaci6n fisealizada de la toxicidad hepatica 
de la piracinamida en 780 enfermos que tenian 
tuberculosis pulmonar muy avanzada. Los en 
fermos fueron asignados al azar a cinco regimenes: 
el régimen testigo, PAS con isoniacida vy cuatro 
regimenes que usaban piracinamida con isoniacida. 
La piracinamida se us6é a dos dosis, 25 y 40 mg. 
por kg. de peso, estudidndose cada dosificacién en 
series tanto de 12 como de 24 semanas. 

No se observé que un episodio hepatico 
entre los enfermos que recibieron isoniacida mds 
PAS. Doce semanas de tratamiento con dosis ya 
de 25 o de 40 mg. de piracinamida por kg. de peso 
produjeron lesiones hepdticas en 2 a 3 por ciento 
25 mg. por kg., la 
fué 


de los sujetos. Con la dosis de 
incidencia de 24 
mayor que en la serie de 12 semanas, pero el uso 
continuo de la dosis de 40 mg. por kg. durante 


en la serie semanas no 


24 semanas hizo subir la incidencia de lesiones 
hepdticas a mds de 6 por ciento. Aunque parece 
hepatica de la 


azar, 


improbable que la_ toxicidad 


piracinamida apareciera al no se des- 
cubrieron factores predisponentes 0 precipitantes. 

Los resultados de las pruebas de la funcién 
hepatica antes del tratamiento y durante éste 
con todos los regimenes indicaron que: (/) en los 
tuberculosos hubo una amplia variacién de valores 
‘‘normales”’ en las pruebas de la bilirrubina sérica, 
la bromsulfaleina v la floculacién de la cefalina; 


(2) por consiguiente, una sola cifra alta en una 
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prueba es menos importante gue el aumento de 
los niveles anteriores para presagiar un trastorno 
hepatico; vy (3) no hubo tendencia general al 
aumento en los valores de las pruebas durante el 
tratamiento con piracinamida. 


RESUME 


Toxicité hépatique de la pyrazinamide utilisée avec 
Visoniazide chez les tuberculeux 


Vingt hépitaux participant aux essais théra 
peutiques de ‘“‘United States Public Health Serv 
ice’’ ont entrepris une investigation contrélée de 
la toxicité hépatique de la pyrazinamide chez 780 
patients atteints de tuberculose pulmonaire tres 
avancée. Les patients furent répartis au hasard 


dans 5 catégories de régimes thérapeutiques: le’ 


régime thérapeutique de contréle, PAS avec iso 
niazide et quatre posologies différentes de l’as 
sociation La pyrazin 
amide étant utilisée 4 la dose de 25 mg/kg et de 
40 mg/kg et chacune de ces doses étant étudiée au 


pyrazinamide-isoniazide. 


cours de cures de 12 et de 24 semaines. 

Un seul accident hépatique a été enregistré 
parmi les patients recevant l’isoniazide plus le 
PAS. Douze semaines de traitement avec la pyra 
zinamide, soit avec la dose de 25 mg/kg, soit avee 
celle de 40 mg/kg, ont déterminé I'altération 
hépatique chez 2 4 3° des patients. Avec la dose 
de 25 mg/kg, ce pourcentage n’était pas plus élevé 
pour la cure de 24 semaines que pour celle de 12 
semaines, mais l’usage continu de la dose de 40 
mg/kg pendant 24 semaines augmentait nettement 
le taux de la toxicité hépatique jusqu’a plus de 6% 
Bien qu'il semble peu probable que la toxicité 
hépatique de la pyrazinamide ait été l'effet du 
hasard, aucun facteur prédisposant ou activant 
n'a été décelé. 

Les résultats des tests de la fonction hépatique 
avant et durant le traitement, avec tous les 
régimes, indiquaient que: 1) chez les tuberculeux 
il vy a une marge ¢tendue de valeurs ‘“‘normales’ 
pour la bilirubine sérique et pour les tests de 
floculation de la bromo-sulfaléine et de la cépha 
line; 2) en conséquence, un test unique de valeurs 
élevées a une moindre importance qu'une aug 
mentation des concentrations antérieures pour 
envisager |’éventualité d’un trouble hépatique; 
3) les valeurs fournies par les tests n’avaient pas 
de tendance générale 4 Vaugmentation durant le 
traitement par la pyrazinamide. 
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INTRODUCTION 


Prior to the introduction of streptomycin in the 
treatment of tuberculous meningitis, this disease 
almost fatal. Today, treated 
early, tuberculous meningitis can be cured al- 
most consistently. Unfortunately, though, the 
early symptoms may escape even a very careful 
observer. After the full picture of meningitis has 


was inevitably 


once developed, recovery is always doubtful, and 
serious or even disabling sequelae are frequent. 

Of all the available specific antimicrobial 
agents, isoniazid has become the drug of choice 
because of its outstanding antimicrobial activity 
and ready diffusibility into cerebrospinal fluid 
(1). Streptomycin is preferred by some and given 
as a second drug by the majority; PAS is also 
used frequently. 

The route of administration of isoniazid and 
streptomycin is still controversial. They are 
given systemically by the majority, although 
some advocate their intrathecal use also. 

The question of prevention and the treatment 
of subarachnoid block is still more controversial. 
This dread complication of tuberculous menin- 
gitis is caused by the deposition of a thick gelat- 
inous exudate at the base of the brain and a con- 
sequent obstruction of the cerebrospinal fluid 
pathways. 

Prior to the excellent Smith 
Vollum (2), who in 1950 treated subarachnoid 
block with intrathecal PPD, no promising treat- 
ment of this condition was known. Siece then, 
this treatment has been used by many (3-6). 


work of and 


Only a few years later, the possibility arose that 
corticosteroid hormones might prevent the de- 
velopment of subarachnoid block. Indeed, there 
are some observers (7) who believe that horrnone 
administration can even resolve exudate which is 
already present. 

The existing controversy between the pro- 
intrathecal intrathecal 


ponents of versus no 


1From the State Rome, 


Georgia. 


Battey Hospital, 
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therapy, and PPD versus corticosteroid therapy 
has not been solved. There are only a few ran- 
domized studies (8, 9) of the point with respect 
to tuberculous meningitis. In these studies the 
number of cases is limited. The diversity of th 
patients and the multitude of factors to be con- 
sidered make it difficult to compare any two 
series reported different 
detailed information about the cases involved is 
at hand. A generally accepted classification of the 
stages of tuberculous meningitis would greatly 
facilitate the comparative evaluation of different 
treatment regimens. 

The purpose of this paper is to analyze a small 
series of cases of tuberculous meningitis suff- 
ciently to evoke a clear picture of cases treated, 
hoping it may be useful in later comparative 
studies. Particular attention will be paid to the 
prognostic significance of signs and symptoms as 
found at the time when the treatment of the 
disease was started. 


from sources unless 


MATERIAL AND MetTuop 


The cases included in this analysis all met the 
following requirements: active meningitis was 
present and had been proved to be tuberculous 
beyond a reasonable doubt; isoniazid had been 
administered early in the course of treatment; if 
any intrathecal streptomycin had been used, no 
more than 10 instillations had been given. 

A few patients who died early in the course of 
treatment were excluded from analysis if the death 
was not related to tuberculosis or its treatment. 

Fifty-six such patients were treated from 
January, 1952, to November, 1957, and are divided 
into two groups. In the previously untreated 
group there were 37 patients. These received anti- 
tuberculous treatment for no more than 14 days 
prior to admission to this hospital. In the previous- 
treatment group (therapy for more than 14 days 
prior to admission) there were 19 patients. 

This division has been carried out for the pur- 
pose of discovering the prognostic significance oi 
signs and symptoms as seen early in the disease 
and before it was affected by chemotherapy. It is 
believed that the combined analysis of the previ- 
ously treated and the untreated cases would 
markedly distort the significance of these signs 
and symptoms. 
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TUBERCULOUS 


To classify the meningitis by severity, the clas- 
sification by the Medical Research Council of 
Great Britain (1948) was adapted. According to 
this classification there are three stages of tuber- 
culous meningitis: 

Stage I, mild cases: includes patients who 
were completely conscious on admission and 
had only mild focal neurologic 
signs. 

Stage II, moderately advanced cases: in- 
cludes those with disturbed consciousness who 
were not comatose and those who had moder- 

neurologic signs, such as hemi- 
evidence of hydro- 


none or 


ate focal 

paresis, paraparesis, 

cephalus, or block. 

Stage III, severe cases: includes patients 
who were in coma or delirium, and had such 
severe focal neurologic pictures as paraplegia, 
hemiplegia, or multiple cranial nerve involve- 
ment. 

When there was any doubt in which group to 
place a patient, the better prognostic classifica- 
tion was selected. It is realized that there is lati- 
tude in these three groups. It should be stressed 
that the word comatose was used to describe only 
those patients exhibiting complete unresponsive- 
ness to strong stimuli. 


Treatment 


Isoniazid is the major drug in the treatment of 
tuberculous meningitis. It was given orally when 
possible; however, in some cases a short course of 
parenteral administration was considered to be 
necessary. In children less than six years of age, 
the daily dose varied from 8 to 18 mg., and in 
older children and adults the dose varied from 3.5 
to 11.5 mg. per kg. of hody weight. 

Streptomycin was given to all patients in this 
series, except one who had received streptomycin 
for six and a half months prior to admission to this 
institution. Children less than six years of age re- 
ceived 0.5 gm. and the others 1 gm. of streptomycin 
daily intramuscularly for one week to 12 months. 
The majority received streptomycin daily from 30 
to 60 days, at which time the frequency of ad- 
ministration was reduced to twice weekly. On this 
regimen, the drug was tolerated well, and only a 
few patients complained of slight or moderate 
dizziness. No clinical evidence of auditory nerve 
damage resulted. 

Para-aminosalicylic acid was given to all pa 
tients who could tolerate it orally from admission 
until discharge. The dose varied from 3 to 6 gm. 
daily in children and 10 to 12 gm. in adults. The 
sodium salt of PAS was tolerated by all but 4 
patients (7 per cent). 

In addition to antimicrobial therapy, 17 patients 
received corticosteroid hormones and one patient 
had received corticotropin prior to admission. The 
dosage and duration of administration varied 
greatly from case to case. 

No patient received streptomycin intrathecally 
for more than 10 instillations (only 4 had any), 
and no intrathecal PPD or neurosurgery was used. 
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ANALYSIS 


Fifty-six patients with tuberculous meningitis 
were treated and 44 survived. The survival rate 
in previously untreated 
identical to that in the previously treated cases, 
i.e., 78.3 per cent in the former and 78.9 per cent 
in the latter (table 1). Moreover, the distribution 
of the cases according to the severity of the 
disease was very similar in both groups (table 2). 

The survival rate in the “mild” cases was 
identical (100 per cent) in each series, while in the 
“moderate” cases it was 73.3 per cent in previ- 
ously untreated cases and 87.7 per cent in the 


cases was virtually 


previously treated series. In “severe” cases, 60 
per cent in the previously untreated group and 
40 per cent in the previously treated group 
survived. As may be seen in table 2, 12 patients 
died in both series. Four died within two days 
and 2 more within six days of hospitalization. 

All of the deaths occurred among the Negroes, 
while all of the 13 whites survived (12 in the 
previously untreated and one in the previously 
treated groups). For this reason, in most of the 
following analysis the two races are grouped 
separately. 

The results obtained in the 25 Negroes in the 
previously untreated series are tabulated in 
table 3. The survival rate has been simultane- 
ously correlated with the stage of the disease and 
the age of the patient on admission. The patients 


TABLE 1 
ScurvivaL Rate 1N PrREviousLy UNTREATED AND 
PREVIOUSLY TREATED PATIENTS 
Per Cent 


it-| Sur- 
Admit ur 


ted vived | Survived 

Previously untreated 37 29 78.3 
Previously treated. . 19 15 78.9 
Total. 56 44 78.5 


TABLE 2 
DISTRIBUTION OF CASES ACCORDING TO PREVIOUS 
TREATMENT AND SEVERITY OF DISEASE 


Series Mild | Moderate Severe Total 
Previously un- 
treated 12 | 15 (4) | 10 (4) | 37 (8) 
Previously 
treated 6; 8 (1) 5 (3) | 19 (4) 
Total 18 | 23 (5) | 15 (7) | 56 (12) 


( ) Number of patients who died 
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TABLE 3 


Previousty UNTREATED PATIENTS: NEGROES’ 


Survivat Rate AccorpiInG TO AGE OF THE 
PATIENTS AND SEVERITY OF THE DISEASE 
Number of Patients 
_ in Stage Per Cent 
Survived 
Mild Moderate Severe 
0-24 months 5 (2); 1 (1) 50 
25 months to 12 
vears 3 l 1 (1) SO 
13 to 40 vears 2 3 3 (1) 87.7 
10-plus years l 4 (2); 1 (1) 50 
Total 6 13 (4) | 6 () 6S 


Number of patients who died 


TABLE 4 


Previous_y UntrReatep PATIENTS: Wuires’ Sur- 


vivaAL Rate* AccorpING TO AGE OF THE 
PATIENTS AND SEVERITY OF DISEASE 
Number of Patients 
in Stage 
Age 
Mild Mod Severe 
erate 
0 to 24 months 3 l l 
25 months to 12 years 2 
13 to 40 years 2 l ] 
10-plus years 
Total 6 2 


* All patients survived 


were divided according to age into four groups: 
0 to 24 months (24 per cent), 25 months to 12 
vears (20 per cent), 13 to 40 years (32 per cent), 
more than 40 vears (24 per cent). The number of 
patients who died in each separate age and stage 
groups is given in parenthesis. The highest sur- 
vival rate was found in the 13- to 40-vear age 
group (87.7 per cent) followed closely by the 
25-month to the 12-year group (80 per cent). 
Both extreme age groups had 50 per cent sur- 
vival rates. The over-all survival rate was 68 per 
cent. The results in the 
groups are only partially due to the higher per- 


poorer extreme age 


centage of advanced cases. If the “mild” cases 
are disregarded, 6 of 8 (75 per cent) in the inter 
mediate age groups survived, and in the extreme 
age groups 5 of 11 (45.4 per cent) are still alive. 
The distribution of the white patients by age 
and severity of the disease on admission is shown 
in table 4. There are only 12 patients in the 
previously untreated series and all survived. 


VOLJAVEC, ORTON, 
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Among the white patients the “severe’’ disease 
was more frequently associated with intermediate 
age than it was among the Negroes. This may 
account for the higher survival rate in the whites. 

It is generally believed that the duration of the 
symptoms of tuberculous meningitis prior to the 
start of treatment is of great importance and 
should be kept in mind when the prognosis of a 
case is being considered. In figure 1 this factor 
has been taken into consideration. Only the pre- 
viously untreated cases are considered. In this 
figure the white patients are represented by 
circles and the Negroes by triangles. The clear 
fields represent the survivals and the blackened 
one the deaths. The half-black half-clear 
fields stand with 
damage. In a 33-year-old white man the duration 


and 
for survivals severe residual 
of symptoms prior to the treatment could not be 
determined. This case had to be excluded from 
the figure. It should be noted that both Negroes 
with “severe” disease and with a history of 
symptoms of less than seven days survived. Also 
it can be seen that 15 of 16 patients started on 
treatment within seven days survived; of 9 
started in the second week, 6 survived (one with 
severe sequelae), and of 11 started on treatment 
after two weeks, 7 survived (2 of them with 
severe sequelae). Thus, the importance of early 
treatment is evident. 

Figure 2 is a graphic presentation of the pre- 
viously untreated cases correlating the extreme 
and the intermediate age groups, the stage of 
and the duration of with 
morbidity and mortality. The figure is composed 
of two large squares, one for the extreme and the 


disease, symptoms 


other for the intermediate age group. The vertical 
columns show the duration of the disease prior 
to treatment; and the horizontal columns, the 
severity of the disease. To differentiate the race 
fatalities and severe sequelae the same signs as in 
figure | have been used. Thirty-six cases are re- 
corded in this figure. In one case, as already 
mentioned, the duration of the disease could not 
be determined. 

In the intermediate age group, only 2 patients 
died; both had severe disease and were sympto- 
matic for more than one week prior to treat- 
ment. In the extreme age group, the fatalities 
occurred also in the moderately advanced stage, 
treatment was started within 


even when the 


seven days of symptoms. 


In figure 3, the same graphic analysis as in , 
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Mild Moderate Severe 


d. 
AAAA 


OAAAY OAA 


d. OA AAAY 


ad. OA AAAVY 


Whites Living 

Negroes Living 

Whites Living, with severe sequelae 
Negroes Dead 


Fic. 1. Graph showing survival and sequelae correlating race, stage, and duration prior to treatment 


of previously untreated patients.* 
* Excluding one case of undeterminable duration. 
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Fic. 2. Survival and sequelae correlated to race 


previously untreated patients.* 
* Exeluding one case of undeterminable duration. 


figure 2 was made for both the previously un- 
treated and the previously treated series. Fifty- 
five cases are included (the case of undetermined 
duration is omitted). Again, the same pattern as 
that in figure 2 emerges. The cases with fatal 


Whites Living, with Severe Sequelae 


, age, stage, and duration prior to treatment of 


outcome and those with severe residuals are con- 
centrated along the base line and middle line. 
Only infrequently in this series was meningitis 
the only site of demonstrable active tuberculous 
infection. In the previously untreated series, 
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MARGINAL AGE INTERMEDIATE AGE 
) 0 A OAA OOA 
Mild oa A A AA Mild 
AAA AVY AAA 
Moderate AY VA Moderate 
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Whites Living 
Negroes Living 


Negroes Dead 


Fig. 3. Survival and sequelae correlated to race, age, stage, and duration prior to treatment of 


Whites Living, with Severe Sequelae 


Negroes Living, with Severe Sequelae 


previously untreated and previously treated patients combined.* 


* Excluding one case. See text 


there were 14 patients with miliary tuberculosis, 
12 had reinfection type of pulmonary tuberculo- 


sis which was classified as far advanced in 7 
cases. Six others had primary tuberculosis; the 
remaining 5 had no demonstrable active extra- 
meningeal tuberculous lesions. 

Among the 32 patients with pulmonary disease, 
other organs were also involved. This involve- 
ment occurred with the following frequency: 
adenitis in 6; pleurisy in 3; peritonitis, hepatic 
and splenic tuberculosis in 2; renal tuberculosis 
in 2; soft tissue abscess and tuberculoma of the 
brain, each in one case. (The tuberculoma was 
removed surgically prior to development of 
meningitis. ) 

The most frequent tuberculous complication 
associated with meningitis was miliary tubercu- 
losis. Three of 14 patients with miliary tubercu- 
losis died; and of 23 without miliary tuberculosis, 
5 died. It appeared that miliary tuberculosis had 
no decisive effect on the final outcome in the 
present series, whether in the group as a whole 
or in its divided age groups. Still, it cannot be 
denied that in some cases miliary tuberculosis 
represents a very serious or even fatal complica- 
tion. 

Of all the 


separately, coma appears to be the most ominous. 


signs and 


symptoms analyzed 


No patient with clear sensorium died. Three of 4 
comatose patients succumbed to their disease 
The severe focal signs, even though considered 
very serious, less frequently heralded death, un- 
less accompanied by severe disturbances of 
consciousness. In the previously untreated series, 
5 of 17 Negroes without focal neurologic signs 
succumbed, and 2 of 5 Negroes with severe 
neurologic signs survived and are well in every 
respect. All 3 Negroes with moderate neurologic 
signs survived. 

Among the white patients, none was found to 
be deeply comatose and none died. However, 
there were 4 with severe focal signs and 3 of them 


have severe sequelae. 


Thus, it appears that state of consciousness is 


more important than focal signs when arriving at 
a prognosis for survival; however, severe focal 
signs frequently herald severe sequelae. 

It appears of interest to mention that among 
12 victims (all Negroes), 3 had negative skin 
reactions to intradermal PPD (0.0001 mg.), OT 
(0.01 and 0.1 mg.), or both. In 3, the reaction was 
not determined because of early death, while 6 
were reactors. 

Among the 31 surviving Negroes in the previ- 
ously untreated and previously treated series, 


only 2 were nonreactors to tuberculin and they 
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TABLE 5 


UNTREATED AND PREVIOUSLY 


PREVIOUSLY 
TREATED CASES IN NEGROES: CORRELATION OF 
SurvIVAL RaTE IN MODERATE AND SEVERE 


Cases IN PatTrents TREATED WITH AND 
WITHOUT CORTICOSTEROIDS 
Number of Patients 
er Cent 
Treatment Used 
Moderate Severe 
Corticosteroids 10 (1) | 5 (2) 80 
No corticosteroids. . 11 (4) | 6 (5) 47.1 


} Number of patients who died 


had only “mild” meningitis. All of the 5 patients 
with negative skin reactions had cerebrospinal 
fluid cultures positive for tubercle bacilli. 

With respect to antimicrobial treatment, this 
group of 56 patients may be considered homoge- 
nous. The addition of corticosteroid hormones in 
treatment has introduced a therapeutic variable 
with results which merit mention. Seventeen of 
the 43 Negroes received corticosteroids, and one 
received corticotropin during early treatment, 
while the remaining 25 had 
hormones. Of 11 patients with “mild” menin- 
gitis, 3 were treated with and 8 without corti- 
costeroids; all survived. This could mean that 


no corticosteroid 


the use of these hormones is unnecessary in the 
mild stage. It is, however, the impression of the 
writers that corticosteroids hastened recovery. 
In moderate the 
therapeutic results were better when corticos- 
teroids were given (table 5). Of 10 patients with 


or even = severe disease, 


moderate disease treated with corticosteroids, 90 
per cent survived; and of 11 patients without 
corticosteroid treatment, only 63.6 per cent sur- 
vived. Three of 5 patients with severe disease 
treated with corticosteroids survived, while only 
one of 6 given antimicrobial agents alone is alive. 

There 13 patients with complete or 
partial cerebrospinal block. Nine received corti- 
costeroids and 8 survived, while all 4 treated 


were 


with antimicrobials alone died. A detailed com- 
parison between these two groups will be reported 


at a later date. 
Cerebrospinal Fluid 


The cerebrospinal fluid was examined in each 
case on admission, and frequently this was the 
only examination. The findings recorded here 
pertain to the previously untreated series only. 
The fluid was examined for tubercle bacilli by 
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microscopy, culture, and guinea pig inoculation 
in all but one patient. The bacteriologic results 
were positive in 23 (6 died) and negative in 13 
eases (2 died). 

A cell count was done on all but one (fluid 
clotted immediately) initial cerebrospinal fluid 
specimen and the count varied from 20 to 1,120 
cells per cu. mm. In this series, the cell increase, 
as determined on a single aspiration, was a 
valuable diagnostic procedure without any prog- 
nostic significance. The total protein was deter- 
mined in 30 instances from the initial cerebro- 
spinal fluid specimen. The lowest value found 
was 80 mg. and the highest 2,040 mg. per 100 
ml. More than two-thirds had protein concentra- 
tions between 100 and 400 mg. per 100 ml. Of the 
2 patients having protein below 100 mg. per 100 
ml. both survived, while both of 2 with protein 
above 1,000 mg. per 100 ml. died. The remaining 5 
deaths were evenly distributed among the 100 to 
1,000 mg. range. Thus, in this group, only very 
low or extremely high values were of some prog- 
nostic significance. 

The values for sugar were determined on 35 
initial fluid Values 
lower than 20 mg. per 100 ml. were found in 10 
patients, 4 of whom died. Among 22 with a value 
for sugar between 21 and 50 mg. per 100 ml., 4 
died. All 3 with sugar above 51 mg. survived. 
Thus, it appears that very low or nearly normal 
findings are of some prognostic significance. The 
chloride values were determined in 31 cases and 
ranged from 530 to 710 mg. per 100 ml. (above 720 
mg. per 100 ml. is normal for this laboratory). 
Values below 600 were found in only 4 patients, 
2 of whom died. Contrary to the findings of some 
others (10, 11), this test has not appeared to add 


cerebrospinal specimens. 


much to the prediction of the final outcome. 


Follow-up Study and Sequela 


Since the initiation of treatment, the average 
follow-up observation period of the 44 surviving 
patients in both groups is 34 months, the shortest 
being 7 and the longest 67 months (June 1, 
1958). In 20 cases the antituberculous treatment 
had been discontinued while 25 patients were 
still receiving one or another regimen of anti- 
tuberculous drugs as of June 1, 1958. No relapse 
occurred among the 25 patients who completed 
the treatment. 

The quality of recovery is almost as important 
as the survival rate. Of the 44 survivals, 37 had 


394 VOLJAVEC, ORTON, AND CORPE 


TABLE 6 
PATIENTS WITH SEVERE SEQUELAE 


—_ Name Age at Onset Race Series 
l G. W 10 months | N | Previously 
treated 
2 E. M. F IS vears N | Previously 
treated 
3 G. W. 22 months | W | Previously 
untreated 
L. D 5 vears W Previously 
untreated 
5 S. L. R 16 vears W Previously 


untreated 


no clinically detectable residuals or only such 
mild disturbances as occasional dizziness, weak- 
ness of one eye, slight difficulty in articulation, 
slight weakness in one leg, and mild facial hemi- 
paresis, in one case each. In one patient the 
damage is considered to be moderate. This patient 
is an 18-month-old Negro girl who is mentally 
retarded. She is still hospitalized and receiving 
antituberculous drugs. The disease is fairly recent 
and is showing slow but steady improvement so 
that the ultimate recovery still may be complete. 

Five patients survived the disease with severe 
and probably permanent damage (table 6). 
Three are from the previously untreated and 2 
from the previously treated series. Three are 
white and 2, Negro. All had severe focal neuro- 
logic signs on admission, and in all the conscious- 
hess was disturbed; however, none were comatose. 
\ll but one patient had been ili for more than 10 
days prior to initiation of treatment, and none 
received corticosteroid hormones. None showed 
evidence of cerebrospinal block. 

In summary: Five (11.3 per cent) of the 44 
surviving patients have severe residual damage. 
In one case, the final outcome is still uncertain 
as far as residual impairment is concerned, 
whereas 38 patients (86.3 per cent) have re 
covered almost completely or completely. They 
are mentally and physically equipped to return 
to normal life. 

Discussion 

The results obtained in 56 patients with tuber- 
culous meningitis, treated with isoniazid, strepto- 
mycin, and PAS have been presented. The dosage 
of chemotherapeutic agents varied greatly. While 


Duration 
Prior to Sequelae 
Treatment 


days 

5 Mental deficiency, behavior problem, 
dysarthria 

30 Paraparesis; incontinence; blindness 
right eve 

22 Mental deficiency, blurred vision, dys 
arthria 

12 Mental deficiency, hemiparesis 

25 Blindness 


isoniazid dosage is increasing, streptomycin is 
being given in decreasing amounts and _ for 
shorter periods, although in the present series it 
was given in every case. [soniazid is accepted as 
being essential in the treatment of tuberculous 
meningitis. Intramuscular streptomycin — was 
often found to be ineffective in preventing the 
development or reactivation of meningitis, even 
after prolonged treatment. Thus, this drug ap- 
pears to be of secondary value. The usefulness of 
intramuscular streptomycin in prolonged admin- 
istration is restricted by its limited permeation 
of the blood-brain barrier (12, 13). The present 
writers believe that streptomycin should be given 
in every case of tuberculous meningitis, how- 
ever, because of the possibility of infection with 
isoniazid-resistant strains. The oral administra 
tion of PAS was employed in all but the 4 
patients who could not tolerate the drug. The 
notion was that the PAS might delay the emer 
gence of isoniazid-resistant strains of tubercle 
bacilli. 

The present writers believe that the total dura 
tion of treatment should be no less than 18 and 
preferably 24 months. It is realized that some 
clinicians believe that a minimum of 6 months in 
selected cases will suffice (14). 


Treatment with corticosteroid hormones 1s 
still a procedure of unproved value. Neverthe- 
less, it appeared to be extremely useful in a num 
ber of cases and situations. Cortisone acetate 
was used in a dosage varying from 25 to 75 mg. 
daily in children, and from 150 to 250 mg. daily 
in adults. This dose was maintained until signs of 
clinical improvement appeared (usually one to 
5 days) and then the drug dosage was gradually 
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discontinued. The longest corticosteroid course 
was 87 days in one instance. In a few patients 
with cerebrospinal block who were treated under 
this schedule, clinical signs of cerebrospinal cord 
and cranial nerve involvement which frequently 
follow the block were temporarily relieved, but 
the cerebrospinal fluid dynamics still showed 
block. Later, in some, the cerebrospinal fluid 
dynamics returned to normal, while in others an 
asymptomatic block persisted for several months 
after the corticosteroid hormones were discon- 
tinued. Of 
block who received corticosteroids in their treat- 
ment course, 8 survived; and, of 4 treated with 


the 9 patients with cerebrospinal 


antimicrobial agents alone, none survived. The 
results obtained in treatment of patients with 
moderate or severe meningitis with corticosteroid 
hormones that 
valuable adjunct to the antimicrobials. Cere- 


suggest these hormones are a 
brospinal block and markedly elevated cerebro- 
spinal fluid pressure indicate a special need for 
the use of these hormones. 

Complications resulting from the treatment 
with corticosteroids were infrequent. In one case 
signs of mild Cushing syndrome appeared and 
promptly disappeared after discontinuance of 
steroid therapy. In another case, complications 
attributed to corticosteroids were multiple and 
consisted of psychosis, urinary infection, mixed 
peritonitis, and paralytic ileus. When cortisone 
was rapidly discontinued, episodes of adreno- 
cortical insufficiency with hypotension and shock 
forced the resumption of the hormone treatment 
despite existing contraindications. After a stormy 
course the patient recovered eventually. With 
this case it is demonstrated what complications 
one may encounter during treatment with corti- 
sone. On the other hand, the writers are con- 
vineed that this patient would not have survived 
the meningitis if treated with antimicrobial 
agents alone. 

When corticosteroid hormones are used, fre- 
quent hemograms, urine examinations, and 
roentgenographic examinations of the chest are 
imperative. It is also advisable to give some oral 
antacid, particularly if PAS is part of the treat- 
ment. 

All patients with “mild” 


turbed consciousness at the onset of treatment 


disease or undis- 
survived and have no clinical sequelae. This 
result agrees with the results of many others, 
whether or not intrathecal streptomycin, PPD, 
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or corticosteroid hormones were used. Thus, it 
appears that in mild cases parenteral and oral 
antimicrobials suffice, and the use of intrathecal 
treatment or adjuvants such as PPD or corticos- 
teroids cannot improve the final results and may 
occasionally produce complications (10, 15). 

The results in moderately advanced cases 
with an over-all survival rate of 78.2 per cent 
could be improved with better treatment meth- 
ods. However, this is the group in which the 
great majority of Negroes were present, and 10 
of the 15 patients were in the marginal age 
group. 

The over-all survival rate of severe cases is 
53.3 per cent. This group is most difficult to 
treat. First, even to halt the disease as first seen 
is difficult because of the intensity of the infeec- 
tion. Second, a high percentage of these patients 
already have irreversible encephalomalacia due 
to advanced obliterative endarteritis. When such 
a patient survives, severe sequelae are inevitable. 
Intrathecal PPD treatment is of little or no value 
as may be seen from the figures presented by 
Smith and associates (16). 

The most aggressive treatment with cortisone 
with the most satisfactory over-all results was 
reported by Cocchi (7). His patients received 
isoniazid, streptomycin, and cortisone parenter- 
ally and intrathecally. Unfortunately, the dis- 
tribution according to the severity of the disease 
and the separate results for each stage were not 
reported, so that comparison with other regimens 
is not possible. Still, the 97 per cent recovery of 
38 patients is the best the writers have seen re- 
ported. 

The need for comparative study is great. The 
number of series reported is increasing, but the 
lack of uniformity in reporting makes conclusive 
comparison impossible. The development of a 
generally accepted classification of stages of 
tuberculous meningitis is, in the opinion of the 
writers, the only practical solution to the present 
dilemma. In analysis of the cases, simultaneous 
consideration of several factors is of great impor- 
tance since there is no single decisive factor. 

In conclusion, it should be stressed that in the 
present series, as in many others, the early treat- 
ment, except for the mild stage of the disease, 
was the most important single factor influencing 
prognosis favorably. Only 2 of 26 patients who 
were started on treatment within 7 days of the 
onset of symptoms died, although 14 were already 
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in the moderate or severe stage. Four of the 14 
patients who were started on treatment between 
7 and 14 days of symptoms, and 6 of 15 started 
after 14 days of symptoms, died. 

In the writers’ opinion, any obscure, non- 
purulent meningitis should be considered tuber- 
culous and treated with isoniazid and PAS until 
proved otherwise. Any delay in initiating therapy 
adds an extra hazard to the patient’s recovery 
and may mean lifetime handicaps or even death. 


SUMMARY 


Fifty-six patients with tuberculous meningitis 
who received isoniazid early in the course of 
treatment examined consecutively. In 
addition to isoniazid, all of the patients received 
streptomycin or PAS, or both. Seventeen patients 


were 


had also received corticosteroid hormones and 
one, corticotropin. The over-all survival rate was 
78.5 per cent. 

Several factors that appeared to influence the 
final outcome in each individual case were con- 
sidered separately and simultaneously. It is the 
impression of the writers that the following fac- 
tors affect the prognosis unfavorably: infancy and 
stages of meningitis 


advanced advanced 


(particularly coma and severe focal neurologic 


age, 


signs), duration of the disease prior to initiation 
of treatment, cerebrospinal block, high protein 
and low sugar in cerebrospinal fluid, and negative 
skin 


vanced disease. 


reaction to tuberculin in the face of ad- 


The prognosis in the presence of cerebrospinal 
block has appeared to improve since vigorous 
treatment with corticosteroid hormones was 
started. 

The writers believe that a generally acceptable 
classification of the stages of tuberculous menin- 
gitis should be formulated in order to facilitate 
the reporting of cases and the comparison of 
results obtained with different treatment regi- 


mens published in various series. 
SUMARIO 
Meningitis Tuberculosa: Pronéstico y Tratamiento 


Se examin6é consecutivamente a 56 enfermos de 
meningitis tuberculosa que recibieron isoniacida 
en los comienzos del régimen terapéutico. Ademds 
de la isoniacida, todos los enfermos recibieron 
estreptomicina o PAS o ambos. Diecisiete en- 
fermos habian recibido también hormonas corti- 
coesterdideas y uno, corticotropina. El coeficiente 
global de sobrevivencia fué de 72.5 por ciento. 


ORTON, 


AND CORPE 


simultdnea- 


Se consideraron por separado y 
mente varios factores que parecieron afectar el 
resultado final en cada caso dado. Recibieron la 
impresién los AA. de que los siguientes factores 
afectan el prondéstico desfavorablemente: la in- 
fancia y la ancianidad de los enfermos, los periodos 
avanzados de la meningitis (en particular el coma 
y los graves signos neurolégicos focales), la dura- 
cién de la enfermedad antes de la iniciacién del 
tratamiento, el bloqueo céfalorraquideo, el elevado 
tenor de proteina y bajo de azticar en el liquido 
eéfalorraquideo y una cutirreaccién negativa a 
la tuberculina cuando existe enfermedad avan- 
zada. 

El pronéstico de los casos de bloqueo parecido 
mejorar desde que se introdujo el tratamiento en 
érgico con hormonas corticoesteréideas. 

Opinan los AA. que debe formularse una clasi- 
ficacién aceptable generalmente de los periodos 
de la meningitis tuberculosa a fin de facilitar la 
comunicacién de los casos y la comparacién de los 
resultados obtenidos con diversos regimenes tera- 


péuticos publicados en varias series. 


RESUME 


Méningite tuberculeuse: Pronostic et Traitement 


Cinquante-six malades atteints de méningite 
tuberculeuse ayant regu précocement de |’isonia- 
zide au cours d’un traitement ont été examinés 
en série. En plus de l’isoniazide tous les malades 
recevaient de la streptomycine ou du PAS, ou les 
deux. Dix-sept malades avaient également recu 
des hormones corticostéroides et l’un d’eux de la 
corticotrophine. Le taux de survie pour l’ensemble 
était de 78,5%. 

Plusieurs facteurs paraissant influencer l’issue 
de la maladie dans chaque cas particulier furent 
considérés séparément et simultanément. L’im- 
pression des auteurs est que les facteurs suivants 
affectent défavorablement le pronostic: la jeunes 
se et l’age avancé, les stades avancés de la ménin 
gite (particulitrement le coma et les signes focaux 
neurologiques sévéres), la durée de la maladie 
du blocage 


cérébrospinal, la teneur élevée en protéine et fai 


avant l’instauration traitement, le 
ble en glucose du liquide céphalo-rachidien et la 
réaction cutanée négative 4 la tuberculine en 
présence d’un stade avancé de la maladie. 

Le pronostic des cas avee blocage semble amé- 
lioré depuis l’instauration du traitement vigoureux 
avec les hormones corticostéroides. 

Les 


généralement acceptable des stades de la ménin- 


auteurs estiment qu’une classification 


gite tuberculeuse devrait étre formulée, de maniére 
4 faciliter les rapports sur ces cas et la comparal- 


son des résultats obtenus avec les différents 
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programmes thérapeutiques publiés dans diverses 
séries. 
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PASSIVE TRANSFER OF A DELAYED TYPE OF SKIN REACTIVITY 
TO TUBERCULIN PPD':’ 


LEON R. COLE, RITA L. PALDINO, RUTH W. HENDERSON, anp ANN F. WEST 


(Received for publication March 12, 1959) 


INTRODUCTION 


In a previous report (1), a method was de- 
scribed for the passive transfer, from immunized 
to normal guinea pigs, of a delayed type of skin 
reactivity to tuberculin PPD. This passive trans- 
fer was effected by a component of the alpha 
globulin. It was apparent in that study that the 
active principle contained in the alpha globulin 
was labile. Moreover, it was noted that certain 
the 


principle to become part of the gamma globulin, 


changes in the technique caused active 
so that passive transfer of its skin reactivity was 
entirely depressed (1). 

In the present study, the fractionation method 
was modified and the number of procedures re- 
duced. The delayed type of skin reactions ob- 
tained by passive transfer were consistently larger 
than those previously deseribed, and in most 
animals a small area of central necrosis was ob- 
served. In three instances tested, recipient ani- 
mals had positive reactions to tuberculin PPD 
injected intracorneally. 


MATERIALS AND Metruop 


Male guinea pigs, weighing 300 to 900 
were immunized by a series of subcutaneous 


lnimals 


gm., 
injections of H37Rv tubercle bacilli. The or 
ganisms had been grown on the mass culture 
medium described by Dubos and Middlebrook 


2), autoclaved at 5 pounds’ pressure for twenty 
minutes, washed four times in distilled water, and 
lyophilized. Loss of viability was demonstrated 
by culture on standard laboratory media for the 
growth of tubercle bacilli. Each injection con 
tained 10 mg. of organisms suspended in 1 ml. of 
light mineral oil. Animals received the first three 
injections at weekly intervals, and thereafter the 


' From the Department of Medicine, University 
of Southern California School of Medicine, 
Angeles, California. 
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injections were given every two to four weeks, 
depending on the degree to which they reacted to 
skin test doses of 5 y of tuberculin PPD. A mixture 
of donors, immunized for four to twelve weeks, was 
used in each experiment. Animals were = skin 
tested with PPD forty-eight hours before being 
bled, and only those with necrotic skin reactions 
were selected. 

Recipient guinea pigs for 
studies were male albinos weighing from 300 to 
350 gm. 

Fractionation 


passive transfer 


procedure: Groups of 16 to 20 
guinea pigs were bled by cardiae puncture. To 
1.75 ml. of ACD solution® were added 8.25 ml. of 
blood from a single animal. This was mixed, and 
when all blood specimens had been collected, they 
were centrifuged at 1,800 r.p.m. at 4°C. for thirty 
five minutes. The separate plasmas were then 
pooled and chilled for fractionation. The time 
interval from cardiac puncture of the first donor 


to commencement of the fractionation procedure 


was less than three hours. 

The description of the method which follows 
is for 100 ml. of ACD plasma. The procedure was 
earried out in a —5°C. cold bath.? The reagents 
were prepared at 25°C. and then cooled to —5°C, 
Centrifugings were done in 200-ml. tubes, in an 
International Refrigerated Centrifuge, model 
PR-2,° maintained at —5°C. 

A flask containing 400 ml. of 
(method of Lever and his colleagues 
clamped in the cold bath. The 100 ml. of 
plasma were placed in a 1,000-ml. flask and held 
submerged in the cold bath with one hand. From 
this point to the end of the first step, the plasma 
was kept in constant motion by swirling rapidly 
enough to cause fairly vigorous movement without 
foaming. The Solution A was slowly dripped in 


Solution A!’ 


(3)) was 
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>ACD solution: 2.2 gm. of sodium citrate 
(2 H.O), 2.2 gm. of dextrose, 0.8 gm. of citric acid, 
plus distilled water to make 100 ml. 

A 50-gallon capacity 
bath, American Instrument 
Spring, Maryland, was used. 

5 International Equipment Company, Boston 
Massachusetts. 

® Solution A: 500 ml. of 95 per cent ethanol, 
3.7 ml. of acetate buffer, and distilled water to 
2,000 ml. An aliquot tested against plasma should 
give pH 5.9-6.0 and may require addition of 
NaOH. Acetate buffer: 400 ml. of 10 M acetie acid, 
200 ml. of 4 M sodium acetate, and distilled water 
to make 1,000 ml. 
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PASSIVE TRANSFER 


A ( 'D Plasma 


TUBERCULIN SENSITIVITY 


Four volumes of Solution 
let 
r.p.m. for 25 minutes 
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A added in 50 minutes, 


stand 40 minutes, then centrifuged at 1,800 


pH 6.0, ethanol 19 per cent, temperature —5° C 


Supernatant 
Fraction IV-10 + IV + V+ VI 
Frozen in acetone dry ice 


Lyophilized overnight 


220 mg. CaCl. added 
Injected intraperitoneally 
into recipient 


with a 5-ml. pipette during a period of fifty min 
utes, care being taken initially not to freeze the 
plasma. At this point there was a thick precipitate. 

The material stood for forty minutes without 
stirring. The pH was 5.9-6.0 (0.5 ml. diluted to 
2 ml. with 0.02 N NaCl). It was then centrifuged 
at 1,800 r.p.m. for forty minutes, and the super 
natant was poured into pre-cooled flasks for 
lyophilization. They were immediately immersed 
in a deep tray containing acetone and dry ice 
prepared one hour earlier, and no longer bubbling 
rapidly). The flasks were rotated until the plasma 
fraction was frozen very solidly. The material was 
then lyophilized for about twenty hours. 

At the end of lyophilization the plasma material 
had the appearance of a large crust, with no evi- 
dence of partial liquefaction or bubbling during 
the course of lyophilizing. The flasks were re- 
moved from the lyophilizing apparatus and were 
thawed at room temperature. A very small amount 
of water remained in the lyophilized material, 
10 ml. of sterile distilled water were 
added. The plasma protein dissolved rapidly. The 
contents of the lyophilization flasks were pooled, 
and each flask was rinsed with a minimal volume 
of water. The total volume of plasma fraction 
IV-10 + IV + V + VI was 25 to 28 ml. The frac 
tionation procedure is outlined in figure 1. A 
small aliquot was removed for studies of nitrogen 
and electrophoretic patterns. The remainder was 
promptly prepared for injection into recipients. 

Preparation for injection into recipients: Two 
hundred and twenty milligrams of calcium 
chloride (anhydrous, recent grade) were dissolved 
in2ml. of sterile distilled water. The solution was 
cooled to 2° C. and added to the fraction IV-10 + 
IV + V + VI. The material was then injected 
intraperitoneally into a normal guinea pig. A 1.5 
inch, 20-gauge needle was used for injection, and 
was extended subcutaneously for about 2.5 em. 
before entering the peritoneal cavity. The time 
interval from the drawing of blood from donors to 


and about 


Precipitate 
Fraction I + II + III 


Fractionation method. 


injection of the plasma fraction into recipient 
animals was no longer than twenty-four hours. 
Skin-testing of recipients: Skin test sites were 
prepared with a depilatory consisting of barium 
sulfide and flour in equal parts made into a thin 
paste with tap water. Tuberculin tests were done 
with 5 y of PPD, freshly prepared from com- 
mercial tablets.? The test sites were measured for 
their greatest diameter of erythema and indura- 
tion at intervals during the first forty-eight hours. 
Histoplasmin,® 0.1 ml., was used as a control 
antigen, and in no instance was a positive skin 
reaction observed. Recipient animals were studied 
with skin tests for a minimum of fourteen days. 


ReESULTS 
Method of Plasma Fractionation 


The protein content of fraction [V-10 + IV 
4+- V + VI varied from 2.42 to 2.80 gm. This was 
in agreement with the first report (1). The plasma 
fraction was tested by paper electrophoresis on 
each occasion and was found to contain no visible 
fraction I or II. A small amount of fraction III 
was consistently present. 

A number of of the 
fractionation method failed to yield successful 
passive transfer of skin reactivity. Three attempts 
to do the fractionation in a cold room adjusted 
to —5° C. 
there was some degree of liquefaction during the 
lyophilization of the plasma fraction. In each 


modifications present 


were unsuccessful. In four instances, 


7 Vials were kindly provided by the Sharpe and 
Dohme Division of Merck and Company, Ine., 
Philadelphia, Pennsylvania. 

8 Kindly supplied by Parke, Davis and Com- 


pany, Detroit, Michigan. 
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instance, the recipient guinea pig developed 
maximal skin reactions of less than 5 mm. when 
tested with tuberculin PPD. 

Five experiments, not reported in detail, varied 
in that the fraction IV-10 + IV +V + VI was 
dialyzed in 0.85 per cent sodium chloride (NaCl) 
for twenty-four hours after the termination of 
lyophilization. The calcium chloride (CaCle) was 
not added to the plasma fraction in these in- 
stances. The resulting skin tests in recipient 
animals were not as large as those noted by the 
present method. The difference appeared related 
to the increased time interval between fraction- 
ation of the plasma and injection into recipient 
guinea pigs. 

In five instances, the precipitate obtained after 
addition of Solution A and centrifuging was 
dialyzed in 4 liters of 0.85 per cent NaCl for 
seventy-two hours, with four changes of solution. 
\ thick precipitate which formed during dialysis 
was removed by centrifugation at 2,500 r.p.m. for 
twenty-five minutes at 0°C. By paper electro- 
phoresis the supernatant solution was shown to 
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consist of plasma fraction II + III, with a very 
small amount of fraction IV. This fraction, when 
injected intraperitoneally into normal guinea 
pigs, was toxic and caused death within the 
following ninety-six hours. On two occasions, the 
fraction was divided into thirds and administered 
over a three-day period, but the recipient died 
twelve hours after the third aliquot was injected. 


Passive Transfer of Cutaneous Reactivity 


The delayed type of skin reaction observed in 
recipient animals started about four hours after 
application of PPD, with the gradual onset of 
erythema and induration. Maximal 
reached at twenty-four to forty-eight hours, at 
which time there was usually a very small central 


size was 


yellow area of necrosis. The skin tests were 
recognizable only by a very faint residual after, 
four days. 
Passive Transfer Results 
The skin tests 
recipients are summarized in table 1. 


obtained in 10 guinea pig 


In each 


TABLE 1 


PasstvE TRANSFER OF SKIN Reactivity To TuBERCULIN PPD 


PPD Tests 


Guinea | Volume of 
Pig ACD Day* and Diameter of Induration (Mm.) 
2 3 4 5 6 7 8 9 10 11 12 14 
mil.) 
l 104 7t 8 18 13 10 3 
7 8 20t 14f 9 2 
2 98 6 8 18 15 9 2 
{ 6 18t | 12 9 2 
; 105.5 5 8 19 17 10 3 3 
7 9 18t 14f 2 2 
4 96 4 9 14 15 10 | 3 2 
5 8 14 19t 5 2 2 
5 90 5 7 15 1] 10 2 2 
6 5 18t 17 6 l 1 
6 107 3 9 19 17 14 5 4 
7 90 7 9 15 17 10 4 
6 8 17t 16 8 2 
8 105 8 8 17§ 18 10 3 
6 8 18t 10 2 
9 90 6 10 14§ 18 10 3 2 
5 9 18t 14 8 2 1 
10 93 6 11 16§ 17 9 2 
5 10 18 17 10 1 


* Fraction injected intraperitoneally on day 0. 


Tt Upper figure is twenty-four-hour reading; lower figure is forty-eight-hour reading. 


t Small area of central necrosis. 
§ Corneal reaction to tuberculin PPD. 
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TABLE 2 


Passive TRANSFER OF SKIN Reactivity To TuBERCULIN PPD 
First Skin Test Applied on Fifth Day 
PPD Tests 
Guinea | Volume of 
Pig ACD Day* and Diameter of Induration (Mm.) 
Number Plasma 
2 3 4 5 6 7 8 9 10 il 12 13 14 
1] 110 47 7 10 11 5 2 
3 3 S 10 2 2 
12 110 5 8 11 10 7 3 
3 5 10 7 3 l 
13 110 4 6 10 8) 5 2 
4 6 11 5 2 1 
14 105 4 9 10 9 4 2 
2 6 9 7 2 1 


* Fraction injected intraperitoneally on day 0. 


instance, a positive skin reaction was observed 
with the first skin test. The character of this skin 
reaction was identical with that observed on the 
seventh day. However, skin tests performed on 
the seventh day after passive transfer were 
uniformly larger than those done earlier. The 
small areas of central necrosis occurred only in 
skin tests done on the seventh and eighth days. 
In three instances, animals were tested intra- 
corneally on the seventh day following passive 
transfer. The eyes were anesthetized with lido- 
caine (Xylocaine®). Using a corneal forceps, a 
small bleb in the cornea was made by injection of 
§ tuberculin PPD, using a 27-gauge needle, and the 
opposite eye received 0.85 per cent NaCl as a 
control. An area of opacity developed following 
the tuberculin PPD injections, and was maximal 
at twenty-four hours. The opacity disappeared 
after three days. The test with 0.85 per cent NaCl 
produced only tiny areas of opacity. 

Four experiments in which the recipient guinea 
pigs did not receive their first skin test until five 
days following intraperitoneal injection of frac- 
tion [V-10 + IV +V + VI are summarized in 
table 2. In these animals, it may be seen that the 
maximal skin reaction was not present until the 

) ninth day, and was not as large as that observed 
in the animals summarized in table 1. Thus, the 
time interval before the first skin test appeared 
to influence the size of the subsequent reactions. 


Discussion 


The present method of plasma fractionation 


has effected more striking skin reactions in 


t Upper figure is twenty-four-hour reading; lower figure is forty-eight-hour reading. 


the 
im- 


those described in 
previous An 
portant aspect of the present method was the 
fact that blood obtained 
fractionated, and injected intraperitoneally into 
recipients within a time interval of twenty-four 
hours or less. The labile nature of the active 
principle in the alpha globulin has been demon- 
(1). The present modification 


recipient animals than 


report from this laboratory. 
donors, 


was from 


strated previously 
of the fractionation technique was designed to 
decrease the number of procedures and the total 
time required for fractionation. The method for 
separating plasma fraction IV + IV-10 + V + 
VI from fraction | + II + III has remained 
unchanged. Further fractionation 
have, however, been eliminated. The plasma 
fraction has been merely dehydrated and _ in- 


procedures 


jected into donors. 

Calcium chloride was added to the fraction 
IV —10+1V+V-+VI in order to prevent toxicity 
from the citrate component of the ACD solution. 
Recipient animals tolerated the plasma fraction, 
with added calcium chloride, and in no instance 
was toxicity noted. The time interval required 
for dialysis was thereby eliminated. Recipient 
animals did not develop dependent edema, and 
this may have been due to the relatively low 
volume of the plasma fraction. 

It appeared essential that the plasma fractiona- 
tion technique be followed exactly as outlined, 
using the equipment described herein, in order 
to ensure successful separation of the antibody 
contained in fraction [IV from the antibody of 
the gamma globulin. Certain alterations of the 


|| 
| 
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technique, which did not appear to be major, 
have proved deleterious. Entirely different meth- 
ods of fractionation, as, for example, the in 
vitro studies of Burrell and associates (4), would 
not necessarily be comparable. 

In the present study, no attempt was made to 
separate plasma fractions II and III. Fraction 
I was removed by precipitation, and the com- 
bined alpha- and beta globulin was injected into 
normal recipients. The explanation for its lethal 
effect 
except that the amount of globulin was about 
twice as large as that which had been transferred 
in our previous studies (1). 

Recipient guinea pigs had maximal skin re- 
activity from the seventh to ninth days following 
passive transfer. This observation was in accord 
with previous studies (1). It was of interest 
that animals which received their first skin tests 
on the second or third day following transfer 
had larger reactions to subsequent tests than 
those not tested until five days after receiving 
the plasma fraction. This correlation between 
time of application of the first skin test and 


upon the recipients was not obvious, 


subsequent degree of skin reactivity suggests 
that there may have been an element of sensitiza- 
tion. Uhr and associates (5) have shown that a 
delayed type of skin reactivity to diphtheria 
toxoid can be induced in guinea pigs by in- 
tradermal injection of toxin-antitoxin complex, 
or by intraperitoneal injection of antitoxin fol- 
lowed twenty-four hours later by intradermal 
application of toxin. The delayed type of skin 
reactivity appeared on the third or fourth day 
following the sensitizing injection. A_ similar 
phenomenon may account for the progressive 
increase of skin reactivity to tuberculin PPD 
through the ninth day following passive transfer. 
However, skin tests done on the second or third 
day following transfer of the plasma fraction had 
the same characteristics of onset and appearance 
as those of the seventh to ninth days except that 
the latter were larger and more intense. Also, 
attempts to produce skin reactivity to tuberculin 
by intraperitoneal injection of immune serum 
have been mainly unsuccessful (1). 

The reactions obtained from tuberculin PPD 
injected intracorneally suggest that the passively 
transferred skin reactivity true 
tuberculin type of sensitivity. However, further 


represents a 


investigations are necessary before this aspect 
can be properly evaluated. The purpose of the 
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present study was to improve the method of 


plasma fractionation and passive transfer. 


SUMMARY 


A method has been described for the passive: 
transfer, from guinea pigs sensitized with tuberek 
bacilli into normal animals, of a delayed type of 
skin reactivity to tuberculin PPD. This passivi 
transfer was effected with plasma from whicl 
the fibrinogen, gamma globulin, and beta globulir 
had been removed by alcohol fractionation. The, 
recipient animals developed skin reactions to 
tuberculin PPD which had small central areas 
of yellow necrosis. In three instances recipient 
animals had reactions to tuberculin PPD in- 
jected intracorneally. 


SUMARIO 


Transferencia Pasiva de una Forma Retardada & 
Reactividad Cuténea al PPD Tuberculinico 


Se describe un método para la transferencia 
pasiva, de cobayos sensibilizados bacilos 
tuberculosos a animales normales, de una forma 
retardada de cutirreactividad al PPD (DPP)) 
tuberculinico. Esta transferencia pasiva se efec 
tué con plasma, del cual se habian eliminado por 
la fraecionacién con alcohol el fibrinégeno, la 
globulina gamma y la globulina beta. Los animales 
receptores manifestaron cutirreacciones a la tu 
berculina PPD, que tenfan pequefas zonas cen 
trales de necrosis amarilla. En tres casos los ani 
males receptores manifestaron reacciones a la 
tuberculina PPD inyectada intradérmicamente. 


RESUME 


Transfert passaif d’un type de réactivilé culanc 
retardée @ la tuberculine PPD 


Description d’une méthode de transfert passil 
ad Vanimal sain d’une réactivité cutanée retardée 
i la tuberculine PPD. Ce transfert passif était 
effectué & aide de plasma dont le fibrinogéne, la 
gammaglobuline et la bétaglobuline avaient été 
extraites par fractionnement A l’alcool. Les réac 
tions cutanées 4 la tuberculine PPD, qui se sont 
produites chez les animaux receveurs, présentaient 
de petites zones centrales de nécrose jaune. Dans 
trois cas, les animaux receveurs ont eu des réac-) 
tions A la tuberculine PPD aprés inoculation dans 


la cornée. 
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AND VITAMINS BY MYCOBACTERIUM TUBERCULOSIS" ’ 
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INTRODUCTION 


A number of metabolites have been reported 
to neutralize the inhibitory action of isoniazid on 
the growth of tubercle bacilli (1). Among the 
most active was pyridoxal, a vital component of 
enzyme essential in transamination, 
decarboxylation, and other reactions important 
in amino acid metabolism. Although inhibition 
of pyridoxal-requiring enzymes by isoniazid has 
been demonstrated in Escherichia coli (2-4), in 


systems 


the tubercle bacillus the specific nature of the 
reaction or reactions inhibited by this drug 
remains a debated question. 

One approach commonly taken in the investi- 
gation of the mode of action of a given drug is a 
comparative study of the metabolism of a sus- 
ceptible organism and its resistant variant in an 
attempt to learn the nature of the change in the 
resistant organism that enables it to grow in an 
environment that is lethal to the parent. In the 
present investigation, such a study has been 
made of the amino acids synthesized by iso- 
niazid-susceptible and -resistant organisms in 
the presence and absence of subinhibitory levels 
of the drug to determine whether the resistant 
state results in a marked derangement in the 
amino acid metabolism of the organism. Such 
knowledge would be of value as a basis for 
further investigations directed toward a better 
understanding of the way in which the drug 
accomplishes the destruction of the organism. 


MATERIALS AND MetrHops 


The organisms employed in this study were the 
human strain H37Rv, and its isoniazid-resistant 
variant, H37Rv—IR, resistant to more than 10 4 
of isoniazid per ml. Stock cultures as well as all 


test cultures were grown on the surface of 


‘From the Department of Microbiology, Duke 
University Medical Center, Durham, North 
Carolina. 

? This study was aided by a grant from the Com- 
mittee on Medical Research of the American 
Trudeau Society, medical section of the National 


Tuberculosis Association. 
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Proskauer-Beck synthetic medium, containing 
asparagin as the sole source of nitrogen. Isoniazid 
was sterilized by Seitz filtration and added at a 
concentration of 0.01 and 0.1 y per ml. to a portion 
of the cultures. 

All cultures were incubated in a horizontal po- 
sition at 37°C. for a six-week period. Following 
incubation the cultures were autoclaved for fifteen 
minutes; the cells were removed from each by fil- 
tration through No. 1 Whatman filter paper and 
dried to constant weight. The filtrates were passed 
through a Seitz filter and stored at —20°C. until 
determinations were made. 

Standard microbiologic techniques of assay 
were employed in which Streptococcus fecalis was 
used for the determination of histidine, arginine, 
lysine, leucine, isoleucine, valine, methionine, 
threonine, and tryptophan; Lactobacillus casei 
9595, for phenylalanine; Lactobacillus plantarum, 
for glutamic acid, nicotinic acid, and _ biotin; 
Lactobacillus casei 7469, for tyrosine; and Leuco 
nostoc mesenteroides for aspartic acid, glycine, and 
serine. Determinations for each amino acid were 
made on at least four different filtrates. Nitrogen 
determinations were also done on each filtrate 
used for analysis according to the micro-Kjeldahl 
method of Hiller and associates (5). 

Organisms with varying levels of resistance to 
isoniazid were obtained by repeated subculture of 
the H37Rv strain in broth medium containing in 
creasing concentrations of isoniazid. The last tube 


showing growth at twenty-one days was used as} 


the inoculum for the next subculture in higher 
concentrations of isoniazid. In this way organisms 
with levels of resistance from 0.04 to 1,000 7 per 
ml. were obtained. 

The basal medium used in developing resistance 
had a final pH of 7.0 and was of the following 
composition per 1,000 ml.: KH2PQO,, 1.0 gm.; 


NasHPO,-12 H.O, 6.3 gm.; bacto-asparagin, 2.0) 


gm.; ferric NH, citrate, 0.05 gm.; MgSO,-7 H,0, 
10 mg.; CaCl., 0.5 mg.; ZnSO,, 0.1 mg.; CuSO, 
0.1 mg.; glycerol, 5 gm.; Tween® 80, 0.5 gm. 

Additional strains of resistant organisms were 
also developed by culture in this basie medium, 
to which 1 mg. per ml. of a single amino acid or 
casein was added. 


OBSERVATIONS | 


In table 1 a comparison is shown of the 
amounts of fourteen amino acids synthesized 
by the H37Rv strain susceptible to isoniazid | 
when grown in the absence of the drug and in 
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ISONIAZID EFFECT 


TABLE 1 

Tue Errect or ISONIAZID ON THE 
SYNTHESIS OF AMINO ACIDS BY 

H37Rv Tusercie Bact. 


Supplement 
Amino Acid 


None 0.01 y of Isoniazid 


per Ml. 

per ml per ml. 

Arginine 59.46 47.89 
Aspartic acid 12.42 12.81 
Glutamic acid 737 .43 343.97 
Glycine 131.47 147.79 
Histidine 47 .93 45.99 
Isoleucine 5.58 11.17 
Leucine 23.50 38.77 
Lysine 103 .69 83.48 
Methionine 15.73 15.83 
Phenylalanine 16.15 24.90 
Serine 66.42 59.43 
Threonine 24.31 6.43 
Tryptophane 10.11 10.47 
Valine 90.14 92.42 


the presence of a subinhibitory concentration. 
At this concentration of isoniazid no inhibition 
of growth was obvious either by visual inspec- 
tion, dry cell weights, or nitrogen determina- 
tions. There was a consistent and significant 
trend toward the lower production of arginine, 
glutamic acid, lysine, and threonine when or- 
ganisms were cultured in the presence of iso- 
niazid. This is compensated for to some extent 
by the higher leucine, isoleucine, and phenyl- 
alanine contents under conditions and 
also, presumably, by higher contents of some of 
the other amino acids which occur in the proteins 


these 


and which were not determined. 

In table 2, a comparison of these same amino 
acids produced by the susceptible and resistant 
strains is shown. Here again a significant reduc- 
tion was observed in the amounts of arginine, 
lysine, and threonine, as well as a large drop in 
the glycine and valine contents. An increased 
synthesis of aspartic acid, leucine, isoleucine, 
and phenylalanine was shown by the resistant 
organism. 

Since isoniazid bears a structural resemblance 
to both nicotinic acid and pyridoxal, nicotinic 
acid and pyridoxine determinations were made 
of these two vitamins in the culture filtrates. 
The amount of biotin synthesized by the sus- 
ceptible and resistant strains was also deter- 
The acid content of culture 


mined. nicotinic 
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filtrates of the H37Rv strain resistant to iso- 
niazid was greater than that of filtrates sus- 
ceptible to the drug (table 3), but there was no 
significant difference in the amount of pyridoxine 
synthesized by the two strains (table 4). 

It is demonstrated in table 5 that significantly 
larger quantities of biotin were produced by the 
resistant organism than by the susceptible 
strain and that, in both strains, culture in the 
presence of subinhibitory concentrations of iso- 
niazid resulted in increased biotin synthesis. 

An attempt was made to determine whether 
in the H37Rv—IR strain the resistance pattern 
is a single- or multiple-step type by comparing 
the amounts of lysine, arginine, glycine, glutamic 
acid, aspartic acid, nicotinic acid, and _ biotin 
synthesized by the H37Rv organism resistant to 
various levels of isoniazid. Organisms were de- 
veloped which were resistant to 0.04, 0.2, 1.0, 


TABLE 2 
Amino Actp CONTENT OF FILTRATES FROM 
ISONIAZID-SUSCEPTIBLE AND -RESISTANT 
TUBERCLE BacILul 


Strain 
Amino Acid 

H37Rv H37Rv—IR* 

y per ml per ml 
Arginine 59.46 43.76 
Aspartic acid 12.42 25.20 
Glutamie acid 737 .43 682.00 
Glycine 131.47 62.54 
Histidine 417.93 50.55 
Isoleucine 5.58 16.79 
Leucine 62.95 
Lysine 33.25 
Methionine 15.73 10.91 
Phenylalanine 16.15 33.00 
Serine 66.42 61.03 
Threonine 24.31 8.45 
Tryptophane 10.11 13.69 
Valine 90.14 47 37 


* IR = isoniazid-resistant strain. 
TABLE 3 
Nicotinic Acip CONTENT OF CULTURE FILTRATES 
or Tuperc.e IN THE PRESENCE 
aNp ABSENCE OF ISONIAZID 


0.01 of 
Organism Isoniazid 
per Ml. 
y per ml (y per mil.) 
H37Rv isoniazid-susceptible 27.10 32.2 
H37Rv isoniazid-resistant 16.48 


} 


106 HILDA 
TABLE 4 
PYRIDOXINE CoNTENT oF CULTURE FILTRATES 
or TUBERCLE BACILLI IN THE PRESENCE AND 
ABSENCE OF ISONIAZID 


0.01 of 
Organism I No d Isoniazid 
soniazi per MI 
(y per ml.) > per mil.) 
H37Rv isoniazid-susceptible 1.13 1.18 
H37Rv isoniazid-resistant 0.81 0.79 
TABLE 5 
Biotin ConTent oF CULTURE FILTRATES OF 
Tuperc Le BaAcILLI IN THE PRESENCE AND 
ABSENCE OF ISONIAZID 
0.01 y of 
Organism I d Isoniazid 
soniazi per MI 


(ay per ml.)\ (uy per ml.) 
H37Rv isoniazid-susceptible 3.93 7.45 
H37Rv isoniazid-resistant 9.92 15.96 


10, 50, 200, 500, and 1,000 y of isoniazid per 


ml., and were examined quantitatively for 
amino acid and vitamin production under com 
parable conditions. It was observed from these 
studies that the initial shift from isoniazid sus 
ceptibility to even at the 


level, brought about the shift in the amount of 


resistance, lowest 
amino acid or vitamin produced, and any further 
increase in the level of resistance did not result 
in a comparable change in the amount of the 
metabolite produced. 

Likewise, the development of the resistant 
state by culture in the presence of lysine, argi- 
nine, or biotin was without effect on the relative 
amounts of these substances synthesized when 
compared with the amounts produced by or- 
ganisms in which resistance was developed in 
their absence. 


DISCUSSION 


that have become resistant to 


been 


Organisms 


isoniazid have shown to possess altered 
growth characteristics, catalase activity, and 
pathogenicity (6-9). The findings presented in 
this report also show changes in their amino 
acid metabolism which are believed to be im- 
portant and related to the resistant state of the 
organism. 

Since many drugs have been shown to act by 


interference with essential enzyme systems, it is 
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probable that the mechanism of resistance to 
isoniazid is linked with a change in the enzymic 
pattern. Such a change present in the mutant 
resistant organism would give it selective ad. 
vantage over the isoniazid-susceptible parent. 

In a similar study (10) using the streptomy 
cin-resistant strain of H37Rv, differences were 
also observed in amino acid synthesis. These, 
however, were not as impressive as those ob- 
served with the  isoniazid-resistant 
and, with the exception of leucine and isoleucine, 
did not involve the same amino acids. In neither 
findings 
served, is it possible to state definitely whether 
the observed differences represent a true change 
in synthesizing ability, or whether there has 
been an alteration in capacity to utilize the 


organism 


although | significant were ob 


case, 


metabolite. 

A comparison of the amino acids present in 
filtrates of isoniazid-susceptible and_ -resistant 
strains revealed a number of significant differ- 
ences in the amino acid pattern, probably in- 
dicative of differences 
the metabolism of the two strains. Of consider- 


fundamental between 


able interest is the decreased synthesis of lysine, | 


threonine, and arginine by organisms grown in 
the presence of subinhibitory concentrations of 
isoniazid, and a similar decrease in the synthesis 
of these same amino acids by the isoniazid-re- 
sistant strain. Although the precise point of 
attack is not defined, the finding that a dis- 
turbance occurs in the synthesis of lysine, 
threonine, and arginine is of interest because of 
the metabolic relationships which have been 
demonstrated for lysine and threonine. Sufficient 
evidence is now available to establish that, in 
E. coli, diaminopimelic acid is a precursor of 
lysine (11). It has also been suggested on the 
basis of findings with lysine-requiring mutants 


that both threonine and aspartic acid might | 


play some part in the biosynthesis of diamino- 
pimelic acid and lysine. An inter-relationship 
between these amino acids has been demon- 
strated by Abelson (12) by employing isotope 
incorporation techniques. Using these techniques, 
aspartic acid was found to be a precursor of 
threonine, diaminopimelic acid, and lysine. 
The synthesis of threonine from aspartic acid 
occurs via the following steps: aspartic acid - 
B-asparty! aspartic-8-semialde- 
hyde — homoserine — threonine (13). Although 


phosphate 


there has been no direct evidence for the partici- 
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pation of these asparty] derivatives in diamino- 
pimelic acid biosynthesis, lysine is known to 
have a common precursor with threonine, which 
might be these or some other active aspartic 
acid derivatives. 

The decreased synthesis of lysine and _ thre- 
onine by tubercle bacilli cultured in the presence 
of subinhibitory concentrations of isoniazid, as 
well as a decreased production of these same 
amino acids by organisms resistant to the drug, 
points to the inhibition by isoniazid of a reac- 
tion or reactions in which these amino acids are 
end-products. The finding, also, of an increased 
amount of aspartic acid in culture filtrates of 
resistant organisms may be indicative not of 
greater synthetic ability in the resistant strain, 
but of a block in the ability to utilize this me- 
tabolite in other biosynthetic reactions, such as 
in the synthesis of lysine and threonine for 
which it serves as precursor. 

A significant decrease in arginine synthesis was 
also observed in both resistant organisms and 
susceptible strains cultured in the presence of 
isoniazid. This is of interest in view of recent 
findings in this laboratory that culture of tu- 
bercle bacilli in the presence of arginine results 
in a greater production of lysine. The role of 
arginine in lysine synthesis is not readily obvious. 
The synthesis of lysine by the decarboxylation 
of diaminopimelic acid has been demonstrated 
in cell-free extracts cof tubercle bacilli (14). It is 
not known whether together with 
aspartic acid serves in some way as a precursor 


arginine 


of diaminopimelic acid which is subsequently 
decarboxylated, or whether there exists in tu- 
bercle bacilli an alternative route to lysine in 
which arginine functions. If such an alternate 
route exists, the channeling of additional argi- 
nine into this pathway to compensate for the 
block in the production of lysine from diamino- 
pimelic acid by isoniazid would explain the 
finding of amounts of 
resistant cultures and in susceptible organisms 


decreased arginine in 
grown in the presence of isoniazid. 

In the resistant strain a pronounced decrease 
was also observed in the amount of glycine pro- 
duced. Since glycine is an important precursor 
of the porphyrins, the finding of reduced catalase 
activity in isoniazid-resistant strains may be 
due to a deficiency in glycine needed for the 
synthesis of this iron-porphyrin enzyme. 

The decrease in glutamic acid production by 


BACILLARY METABOLISM 407 
organisms cultured in the presence of isoniazid 
is significant because of the central role of glu- 
tamic acid in nitrogen metabolism. By virtue of 
its metabolic conversion to a-ketoglutarie acid, 
it serves as an important link between the in- 
termediary metabolism of proteins and carbo- 
hydrates, and is important in deamination, 
transamination, and decarboxylation reactions. 
The finding that isoniazid causes a reduction in 
the glutamic acid produced by susceptible strains 
is indicative of a fundamental disturbance that 
upsets the condition of balanced biosynthesis. 
The finding of a reduction in valine synthesis 
by isoniazid-resistant organisms may be related 
to the accumulation of leucine 
isoleucine in these organisms. Tubercle bacilli 


greater and 
have active transaminases for these three amino 


acids. Inter-relationships between valine and 
isoleucine have long been noted in Neurospora 
and £. coli mutants, in which a sharing of at 
least two enzymes has been detected in the bio- 
synthetic isoleucine valine 
(15). 


One of the mechanisms by which an organism 


sequence to 


develops resistance to an inhibitory agent is the 
increased production of an essential metabolite 
or drug antagonist. Resistance of tubercle bacilli 
to isoniazid could not be explained on the basis 
of an increased synthesis of pyridoxine since no 
significant differences between the susceptible 
and resistant strains were detected. Interference 
with pyridoxine metabolism by isoniazid must, 
therefore, its utilization 
rather than its synthesis. There was, however, a 
greater production of biotin by the resistant 
organism, and culture of the susceptible strain 
in subinhibitory concentrations of biotin also 
resulted in the detection of larger quantities. 
Since, with the method employed, only the free 
biotin was measured, it is not obvious whether 
biotin was actually produced in greater quanti- 
ties (and thus represents an attempt of the or- 
alternate 


involve inhibition of 


ganism to employ pathways), or 
whether a smaller amount was incorporated and 
utilized in the enzymatically active bound form. 
Although little is known of the nature of the 
coenzyme form of biotin, one naturally occurring 
form of biotin, biocytin, is e-N-biotinyl-1-lysine. 
The reduced availability of lysine, resulting from 
a decrease in synthesis by the resistant strain, 
may account for the greater accumulation of 
free biotin in filtrates of this organism. 
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SUMMARY 
A study has been made of the production of 
certain amino acids and vitamins by isoniazid- 
and H37Rv 


tubercle bacilli when grown in the presence and 


susceptible resistant strains of 
absence of subinhibitory levels of the drug. 

When the susceptible strain 
the presence of isoniazid, there was a reduction 


was cultured in 


in the synthesis of arginine, glutamic acid, 
lysine, and threonine. Increased production was 
observed with leucine, isoleucine, and phenyl- 
alanine in the presence of isoniazid. 

A comparison of amino acid synthesis by an 
isoniazid-resistant and -susceptible strain again 
revealed a significant reduction in the amounts 
of arginine, lysine, and threonine, as well as a 
large drop in the glycine and valine content. An 
increased synthesis of aspartic acid, leucine, 
isoleucine, and phenylalanine was shown by the 
resistant organism. 

Significantly larger quantities of biotin were 
produced by the resistant organism and, in both 
strains, culture in the presence of a subinhibitory 
concentration of isoniazid resulted in increased 


biotin synthesis. 


SUMARIO 


El Efecto de la Isoniacida sobre la Sintesis de Ciertos 
tcidos Aminados y Vilaminas por el 


V ycobacterium Tuberculosis 


Versa este estudio sobre la produccién de ciertos 
Acidos aminados y vitaminas por cepas isoniacido 
susceptibles v -resistentes de bacilos tuberculosos 
H37Rv, cultivados en presencia vy ausencia de con 
centraciones subinhibidoras de la droga. 

Cuando se cultivé la cepa susceptible en pre 
sencia de isoniacida, hubo una reduecién en la 
sintesis de arginina, 4cido glutdmico, lisina y 
treonina. Observése mayor produccién de leucina, 
isoleucina vy fenilalanina cuando habia isoniacida, 

Una comparacién de la sintesis de dcidos amina 
dos por una cepa resistente y una cepa susceptible 
a la isoniacida reveléd de nuevo una disminucién 
importante en las cantidades de arginina, lisina y 
treonina asi como una gran baja del contenido de 
glicina y valina. Con el microbio resistente se noté 
aumento en la sintesis de Acido aspartico, leucina, 
isoleucina v fenilalanina. 


Se produjeron cantidades significativamente 


mavores de biotina con el germen resistente vy, con 


aumbas cepas, el cultivo, cuando existia una con- 


centracién subinhibidora de isoniacida, dié por 


resultado un aumento en la sintesis de biotina. 


POPE 


WILLETT 


RESUME 


L’effet de Visoniazide sur la synthése de certains 
acides aminés et certaines vitamines par 
le Mycobacterium tuberculosis 


On a étudié la production de certains acides 
aminés et de certaines vitamines par les souches 
de bacilles tubereuleux H37Rv isoniazido-sensibles 
et isoniazido-résistantes quand elles étaient cul- 
tivées soit en présence soit en l’absence de con- 
centrations sub-inhibitrices de la drogue. 

Quand la souche sensible était cultivée en pré- 
sence d’isoniazide, il y avait réduction de la syn- | 
thése de l’arginine, de l’acide glutamique, de la 
lysine et de la thréonine. On observait une produc 
tion accrue de la leucine, de l’isoleucine et de la 
phénylalanine en présence d’isoniazide. 

Une étude comparée de la synthése amino-acide 
par souche isoniazido-résistante et une 


une par 


souche isoniazido-sensible quant A la quantité | 
d’arginine, de lysine et de thréonine a révélé une 
réduction significative ainsi qu’une baisse im- 
portante de la teneur en glycine et en valine. Une 
synthése accrue d’acide aspartique, de leucine, 
isoleucine et de phénylalanine a été observée 
avec l’organisme résistant. 


Des quantités notablement plus grandes de 


biotine ont été produites par l’organisme résistant, — 
et dans les deux souches, la culture en présence 
d’une concentration sub-inhibitrice d’isoniazide a 
entrainé une synthése accrue de la biotine. 
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SPECIFIC AND NONSPECIFIC INHIBITION OF EPITHELIAL GROWTH IN TISSUE 
CULTURES OF KIDNEY EXPLANTS FROM TUBERCULIN-SENSITIZED 
GUINEA PIGS':? 


TH. PACKALEN, 8. TUNQMAN, anv J. WASSERMAN 


(Received for publication March 23, 


INTRODUCTION 


It is a widely held concept at present that 
specific tuberculin sensitivity is a state embracing 
most of the cells of the sensitized host. This view 
is based primarily on the work of Rich and Lewis 
(1, 2), who observed the toxic damage that 
tuberculin caused to sensitive cells in vitro. Their 
findings have been confirmed and extended by a 
great number of other workers (3-14). The cell 
types tested have generally been those from 
various mesenchymal tissues, mostly polymor- 
phonuclear leukocytes, macrophages, and fibro- 
blasts. The hypersensitivity of epithelial cells 
from tuberculin-sensitized still a 
matter of controversy. Buckley and co-workers 
(15) have reported that epithelial cells from the 
liver of tuberculin-sensitized rabbits are sensitive 
to tuberculin. Packalén Wasserman (16) 
found that epithelial cells from the kidneys and 
livers of sensitized guinea pigs likewise are sensi- 
tive. Other workers, using liver, kidney, corneal, 
or epidermal epithelium, have failed to confirm 


subjects is 


and 


these findings (17-21). 

The reactivity of the tuberculous tissue toward 
nontuberculous stimuli has been studied both in 
vivo and in vitro (22-29). The results of these ex- 
periments show that the tissues of tuberculin- 
sensitive animals react hyperergically to certain 
nonspecific bacterial products as well as to specific 
tuberculin. It has been suggested that the various 
hypersensitivity phenomena, specific as well as 
nonspecific, observed in tuberculous tissue or 
cells may go back to the fundamental 
change of the cells caused by their contact with 
tubercle bacilli or their products. 

The purpose of the present study was to exam- 


same 


ine the in vitro sensitivity of epithelial cells from 
tuberculin-sensitized guinea pigs to tuberculin 
and a nonspecific bacterial agent. Kidney tissue 


‘From The Central Bacteriological Laboratory 
of Stockholm City, Stockholm, Sweden. 

2 This investigation was supported by grants 
from The Swedish National Association against 
Tuberculosis and other Social Diseases. 
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was used for the experiments, and the cell growth 
was studied in plasma clot cultures. 


MATERIALS AND METHODS 


In the present study a roller tube technique has 
been used. The epithelial outgrowth from explants 
of kidney tissue in plasma clot cultures has been 
studied. The toxic effect of the preparations tested 
is manifested by a retardation or inhibition of the 
cell growth. 


Experimental Animals 


Sensitization: Male guinea pigs weighing 400 to 
600 gm. were sensitized with BCG vaccination and 
subsequent injections of killed bovine tubercle 
bacilli emulsified in paraffin oil. Dosage and con- 
trol of the tuberculin sensitivity were the same as 
those employed in the previous study from this 
laboratory (28). Untreated guinea pigs reacting’ 
negatively to Old Tuberculin were used as cen- 
trols. 


Tissue Culture Method 


Explants: Kidneys were removed under aseptic 
precautions from animals killed by stunning. The 
capsule and pelvis were removed and the tissue 
was minced with scissors into pieces approxi- 
mately 0.5 to 1.0 mm. in diameter, which were 
washed several times in bovine amniotic fluid. 

Cultures: The fragments were embedded in a 
chick-embryo-extract-chicken-plasma clot by the | 
usual roller tube technique. At least three tubes of | 
explants were made for each concentration of the 
preparation tested. Four or six milliliters of bovine | 
amniotic fluid containing 100 international units 
(IU) of penicillin, 100 IU of streptomycin, and 
0.0025 ml. of 1 per cent soy bean trypsin inhibitor 
per ml. of fluid were then added to each tube. The | 
preparations to be tested for cytotoxicity were | 
added to this medium. Control tubes with no test 
preparation added were included in each experi- 
mental series. The tubes were kept stationary at 
37°C. and examined for growth of epithelial col-| 
onies from the explants on the sixth to eighth \ 
days of incubation. 


Preparations 


Tuberculin: Two lots of purified protein deriva- 
tives (PPD) without preservatives were used.’ 

3 Kindly supplied by Parke, Davis & Co., De-| 
troit, Michigan. 
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INHIBITION IN VITRO OF 


The final concentrations of PPD in the experi- 
ments were 40 or 80 y per 1 ml. of bovine amniotic 
fluid. 

Coli filtrate: Six- to eight-day-old tryptic digest 
broth cultures of £. coli isolated from a case of 
cystopyelitis were filtered through a Seitz E.K. 
filter. Three preparations of coli filtrate in dilu- 
tions of 1:100 to 1:400 were used in the experi- 
ments. All three had been found to possess a fair 
preparatory activity in the Shwartzman phe- 
nomenon. Sterile tryptic broth served as a control. 
The starting dilutions of the preparations tested 
were determined by titrating the maximal dose 
that did not appreciably inhibit the epithelial 
growth from kidney explants of nonsensitized 
guinea pigs. 


Methods of Experimentation 


The determination of the cytotoxic activity of 
the preparations tested was based on a comparison 
between the growths of the epithelial colonies in 
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the presence and absence, respectively, of the 
preparations studied. Each experimental group 
contained 6 to 18 epithelial colonies. Normal and 
sensitized cell colonies were equally represented. 

Registration of growth: The outlines of the ex- 
plants and the epithelial colonies, magnified about 
twenty times by means of an ocular projector, 
were traced on paper. Two diameters of the drawn 
explants and cell colonies, at right angles to one 
another, were measured and the values averaged 
for each experimental group. The accuracy and 
error of this procedure are described in a previous 
study (29). 

Cytotoxic index: The degree of inhibition of 
growth was expressed as the ratio between the 
mean diameters of the epithelial colonies grown 
in the presence and absence, respectively, of the 
preparation tested in the bovine amniotic fluid. 
This ratio was named the cytotoxic index. 

Statistical analysis: The differences between the 
cytotoxic indices for normal and tuberculin-sen 
sitized animals were studied by means of an F-test 


TABLE 1 
Cyroroxic Inpices oF PPD anv E. Cont CuLtrure FILTRATE FOR INHIBITION OF 
EPITHELIAL GROWTH FROM KIDNEY EXPLANTS OF NORMAL AND 
TUBERCULIN-SENSITIZED GUINEA 


Normai Animals 


Sensitized Animals 


Coli Filtrate 
Cytotoxic “Explant Cytotoxic “Explant 
ndex Index” ndex Index” 
IN 0.896 1.076 
2N 0.968 0.969 — 
3N 0.921 0.920 — 
4N 0.867 0.944 —_ — 
5N 0.953 0.996 - - 
6N 0.875 1.071 
7N 0.699 0.689 
8N 0.821 0.788 
9N 0.787 0.842 
10N - 0.924 1.157 
11N 1.301 0.972 0.960 1.001 
12N 0.871 0.750 0.809 0.939 
13N 0.788 0.869 0.624 0.800 
14N 0.813 1.049 0.633 0.965 
15N 1.036 0.904 0.852 0.904 
16N 0.783 0.981 | 0.576 0.818 
17N 0.983 1.192 0.815 1.110 
18N 0.900 0.990 0.931 1.149 
19N 0.920 0.975 1.001 0.945 
20N 0.955 0.908 1.010 1.055 
21N 1.137 1.003 1.059 1.036 
22N 0.930 0.793 0.982 1.037 
23N 1.102 0.954 1.075 0.917 
24N 0.955 0.997 0.893 0.934 
25N - 0.408 0.648 
26N 0.840 0.800 
27N 0.912 1.040 
28N - 0.991 0.978 


| PPD Coli Filtrate 

| Cytotoxic “Explant Cytotoxic “Explant 
ndex ndex”’ ndex Index”’ 

iS | 0.802 0.940 | 

28 0.774 0.941 —- | = 

38 0.702 0.890 — 

48 | 0.784 | 0.917 | - 

58 0.737 1.077 
68 — 0.733 0.980 
78 = 0.895 0.949 
8S 0.639 1.049 
95 0.739 0.923 
108 - 0.821 1.173 
118 | 0.671 1.170 0.799 1.104 
128 0.646 1.041 0.924 1.245 
138 0.794 0.808 0.658 0.640 
148 0.634 0.793 0.453 0.623 
158 0.651 0.795 0.595 0.708 
165 0.776 0.885 0.753 0.919 
178 0.382 0.616 0.429 0.672 
18S 0.640 0.964 0.704 0.966 
19S | 0.742 0.924 0.752 0.895 
208 0.548 0.744 0.650 0.851 
218 0.569 0.958 0.642 0.882 
228 0.684 1.173 0.826 1.158 
238 0.544 0.981 0.620 0.952 
248 0.608 1.119 0.629 1.153 
25S 0.536 1.134 0.637 1.100 
268 - 0.683 0.965 
278 . 0.650 1.018 
288 — — 0.680 0.838 


|| 
D 

| 
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with 1 and 2 N-3 degrees of freedom, respectively, 
in connection with the usual analysis of covariance 
procedure, taking into consideration the variation 
of growth due to variation in explant size. 


RESULTS 


Both PPD and coli filtrate inhibited the growth 
of kidney epithelial cells from tuberculin-sensi- 
tized animals in concentrations which did not 
appreciably inhibit the growth of normal kidney 
cells. In table 1 are presented the cytotoxic indices 
for PPD and coli filtrate in experiments with 
The 


ratios between the mean diameters of explants in 


normal and tuberculin-sensitized animals. 
the presence and absence, respectively, of PPD 
or coli filtrate which were used in the statistical 
analysis as control variables, in order to make 
allowance for variation of growth caused by 
variation of explant size, are also given. They were 
named “explant indices.” It may be seen that the 
cytotoxic indices for PPD and coli filtrate are 
lower for sensitized animals than for normal 
ones (table 1). These differences are highly sig- 
nificant (table 2). 

In the coli filtrate controls, in which sterile 
tryptic broth had been substituted for the fil- 
trate, no difference was obtained between the 


growths from normal and sensitized explants. 


TABLE 2 
SIGNIFICANCE LEVELS FOR THE CyToToxic Errect 
or PPD E. Coit Cutture FILTRATE ON 
THE GROWTH OF KipNEY EpIrHeLiaL CELLS 


Preparation N N 3) 
PPD 39 | 0.950) 0.664) 58.35) * * * 
Coli filtrate 46 | 0.849) 0.690) 22.82) * * * 


°x Number of experiments with normal and 
sensitized animals. 

+X, Mean cytotoxic index for experiments 
with normal animals 

Mean cytotoxic index for experiments 
with sensitized animals. 

All values are adjusted by analysis of covariance 
to make allowance for variation in explant size. 

The significance of differences between normal 
and sensitized animals was calculated according 
to an F-test with | and (2-N-3) degrees of freedom, 
respectively, in connection with the analysis of 
covariance procedure. 

§ Significance levels: 5, 1, and 0.1 per cent. 
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DISCUSSION 


The observed specific inhibition of the growth 
of sensitized kidney epithelial cells is in agreement 
with the findings of Buckley and co-workers 
(15), the correctness of which has been questioned 
by other workers (14, 17-21). The explanation of 
the conflicting results may lie simply in such fae- 
tors as higher or lower degrees of sensitization of 
the animals, different composition of the nutrient 
medium of the tissue cultures, or varying methods 
of registration of the experimental findings, since 
the demonstration of the cytotoxic activity seems 
to be highly dependent upon the techniques used. 
In opposition to Rich’s theory, which sees the 
tuberculin sensitivity as a state embracing tissue 
cells at large, many workers have maintained that 
only certain types of cells are involved in the 
specific reaction (11, 14, 17, 21). The present 
results do not give weight to this opposition. On 
the other hand, the sensitivity of epithelial cells 
which was observed must not necessarily be an 
intrinsic property of the cells themselves, but may 
be mediated by some other factors. 

It is generally assumed (1, 2) that the tubereu- 
lin reaction is the result of the combination of 
tuberculin with specific antibody bound to th 
cell. O'Neill and Favour (11) suggest that tu 
berculin cytotoxicity in vitro is that portion of the 
tuberculin reaction in vivo which is specific, and 
that this specific toxic effect secondarily “trig- 
gers” into action nonspecific focal tissue damage. 
There is no reason why such an _ hypothetie 
“trigger”? mechanism could not operate on the 
cellular level as well. A kidney explant always 
contains mesenchymal cells in addition to the 
epithelial tissue. Moreover, a complete removal 


of all plasma components from the tissue frag- | 


ments by the “washing” procedure is hardly 
achievable. Under such circumstances the possi- 
bility of 


antibodies fixed to such cells (or present in the 


tuberculin combining with specific 
plasma) and forming a toxic compound, which 
secondarily damages in itself nonsensitive kidney 
epithelial cells, cannot be excluded. However, a 
differentiation between mesenchymal cells as 
intrinsically sensitized to tuberculin, and epi- 
thelial cells as vulnerable only to the toxic com- 
bination of tuberculin and specific antibody, 


appears to be a rather far-fetched concept as long 


as the possibility of a tuberculin sensitivity em- 
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INHIBITION IN VITRO OF 
bracing all types of cells has not been convincingly 
excluded. 

Neither concept will explain why epithelial as 
cells from tuberculin- 


well mesenchymal 


sensitized animals are more vulnerable to en- 


tirely nonspecific stimuli than are cells from 
normal animals, as demonstrated in the present 
study and in previous investigations (27-29). 
More basic information about the specific nature 


tof tuberculin hypersensitivity is needed before 


; long 


y em- 


it will be possible to establish the real mechanism 
behind this nonspecific vulnerability of tuber- 
culin-sensitized cells. 

SUMMARY 


The sensitivity of kidney epithelial cells from 
normal and tuberculin-sensitized guinea pigs to 
tuberculin PPD and to a nonspecific agent (2. 
coli culture filtrate) has been tested in plasma clot 
cultures. 

The epithelial growth in explants from sensi- 
tized animals was clearly inhibited by tuber- 
culin, as well as by the nonspecific agent in dilu- 
tions, which did not cause any appreciable growth 
cultures of 


inhibition in corresponding tissue 


wrmal animals. 
SUMARIO 
Inhibicién Especifica y Anespecifica de la 
Proliferacién Epitelial en los Cultivos 


Histolégicos de 
Procedentes de Cobayos Sensibilizados 


Explantes de Riton 


a la Tuberculina 


Se ha comprobado en cultivos de codgulo de 
plasma Ia sensibilidad de las células epiteliales 
de riién procedentes de cobayos normales y 
PPD 
(DPP) vy a un agente anespecifico (filtrado de 
cultivo de BE. 

4 proliferacién epitelial en explantes proce- 


tuberculino-sensibilizados a la tuberculina 
coli ). 


dentes de animales sensibilizados fué netamente 
inhibida por la tuberculina, asi como por el agente 


anespecifico, a diluciones que no ocasionaron 


ninguna inhibicién apreciable en los cultivos 


histolégicos correspondientes procedentes de 


animales normales. 
REsUMI 


Inhibition spécifique et non-spécifique de la crois 
les de 


@excplants de rein provenant de cobayes sensi 


sance ¢pithéliale dans cultures lissus 


bilisés a la tuberculine 


La sensibilité 4 la tuberculine PPD et A un 


agent non-spécifique (filtrat de cultures de E. 


TUBERCULIN-SENSITIZED CELLS 
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coli) des cellules épithéliales de rein, provenant 
de cobayes normaux ou sensibilisés 4 la tubercu- 
line, a été testée dans des cultures de caillots 
plasmatiques. 

les explants 
provenant d’animaux sensibilisés était nettement 


La croissance épithéliale dans 


inhibée par la tuberculine ainsi que par l’agent non 
n’entrainant une 
inhibition appréciable de la croissance dans les 


spécifique, en dilutions pas 
cultures de tissus correspondants provenant d’ani- 
maux normaux. 
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THE USE OF RIBOFLAVIN AS AN INDICATOR OF ISONIAZID INGESTION 
IN SELF-MEDICATED PATIENTS 


Oral medication has become available in recent 
years for the control of a number of diseases, not 
only those which occur primarily in areas of high 
technology, but also those common to the eco- 
nomically underdeveloped areas of the world. As 
a result, more and more responsibility for the 
treatment of disease is being shifted from the 
doctor and nurse to the patient. Placing a patient 
on a self-administered drug-treatment program, 
however, invariably raises the question: How 
much responsibility can be delegated to this par- 
ticular person? 

In any group of patients with a clear under- 
standing of their illness and of the significance of 
their treatment regimen, there invariably are 
some who will fail to adhere to any prescribed 
schedule. This number may be very large indeed 
among those who are separated from the physician 
by social, cultural, and language differences. 

The successful application of ambulatory or 
home-care programs for the of disease 
demands that the physician be able to detect those 


control 


persons who will, and those who will not, take self- 
medication as prescribed. Ultimately, by recog- 
nition of certain characteristics or personality 
traits, the physician may be able to detect the 
potentially unreliable patient before treatment is 
begun. These characteristics have not been de- 
fined thus far, however, and actual detection of 
the drug in body fluids during the course of therapy 
and/or the ultimate therapeutic response remain 
the only means of knowing who has taken a pre- 
scribed drug. 

Most chemotherapeutic 
chemical compounds. Thus, methods whereby low 
concentrations of such compounds may be de- 
tected in body fluids are generally beyond the 
scope of the small laboratory equipped for rou- 
tine diagnostic procedures. The incorporation of a 
simple and easily detected compound into prepa- 
might offer a 


agents are complex 


rations of these drugs, however, 
means whereby the recalcitrant patient who is not 
accepting medication can be quickly detected. 

In the present report, data will be presented to 
show that (/) riboflavin, when incorporated in an 
adequate amount in tablets or capsules of a thera- 
peutic drug, may be detected easily in the urine of 
treated patients for at least fifteen to eighteen 
hours after ingestion, and (2) concentrations of 
riboflavin in the urine in excess of a given thresh- 
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old level may be accepted as evidence that the 
therapeutic drug has been taken within this period 
of time. 

Isoniazid was arbitrarily used as the therapeutic 
agent throughout this study. Tablets containing 
50 mg. of isoniazid, with 2, 5, and 8 mg. of erystal- 
line riboflavin added, were supplied by the manu- 
Capsules 250 mg. of 
crystalline riboflavin only were employed in cer- 


facturer.'+ ? containing 
tain control studies. 

All experiments were carried out in a small 
group of normal ambulatory adults, in whom it was 
possible to ascertain that no other vitamin sup- 
plements were ingested during two weeks prior to, 
and during the course of, each experiment. 


Random specimens from a total of 58 persons 
(including both adults and children, and including 
also both hospitalized patients and normal am- 
bulatory persons) who claimed to have taken no 
vitamin capsules or tablets as dietary supplements 
were also tested in an attempt to determine the 
person-to-person variation in threshhold level of 
riboflavin. A single person who had received 10 
mg. of riboflavin daily without interruption for 
more than two years in the form of a vitamin 
supplement was included as an additional control. 

Unless otherwise specified, all riboflavin-con- 
taining preparations were administered before 
breakfast in a single oral daily dose. Urine speci- 
mens were collected in screw-capped amber glass 
botties and stored in the absence of light at 5°C. 
until assayed. 

All specimens were assayed for riboflavin con- 
tent by a modification of the U.S. P. procedure.* 4 

Reagents: 

(1) Blank reagent: 5 gm. NaHCO; plus 

gm. NaeS.O, were diluted to 100 ml. 


9 


1 The writers are indebted to Mr. E. Blase and 
Dr. R. Feeney of Chas. Pfizer and Co., Inc., 
Brooklyn, New York, for their assistance in the 
preparation of these tablets and capsules. 

? That the riboflavin does not interfere with 
the antimicrobial activity of isoniazid was clearly 
established by conventional in vitro methods at 
the beginning of this study. 

’The technique is described in the Pharma- 
copeia of the United States of America, Fifteenth 
Revision, U.S.P. XV, page 912, December, 1955. 

4 The writers are indebted to Miss Mary Regul- 
ski of the Analytical Department of Chas. Pfizer 
& Co., Inc. for conduct of these assays. 


Notes 
|| 


416 


2) Standard riboflavin solution: 0.100 gm. 
of U.S. P. riboflavin standard, previously dried 
for three hours at 100°C., was transferred with 
25 ml. of H.O to a 1-liter volumetric flask; then 
1.5 ml. of IN-NaOH were added, the solution 
was protected from light and shaken until dis- 
solved; then it was immediately acidified with 
2 mi. of glacial acetic acid; 200 ml. of ethanol 
were added and the resultant solution was then 
diluted to volume with H.O. The solution was 
stored in a brown bottle in the dark. (The 
final solution contained 100 ml. of riboflavin 
per 1 ml.) 

(3) Working dilution of riboflavin: 1 ml. of 
standard stock solution was diluted to 1,000 
ml. with H.O. (The resultant solution con 
tained 0.1 > of riboflavin per 1 ml.) 

4) Acetic acid (A.R.) 

(6) Stock solution of sodium fluorescein: 50 
mg. of sodium fluorescein were dissolved in 
sufficient HO to make 1 liter. 

(6) Working dilution of fluorescein: 1 ml. of 
stock solution was diluted to 1 liter with H.O. 
Procedure: All operations were carried out in 

the absence of sunlight. Urine samples were di- 

luted to the appropriate volume, so that each 

milliliter contained approximately 0.1 y of ribo- 


flavin. (The pH of the final solution was be 
tween 4.5 and 6.0.) 
The riboflavin content of the diluted urine 


specimen was determined by measurement of its 
fluorescence, using a photofluorometer with a 440 
primary filter and a standard riboflavin secondary 
filter. The instrument was set with the dilute 
(working) solution of sodium fluorescein to give a 
deflection of 80. The deflection obtained with the 
unknown specimen was then recorded. Two mil- 
liliters of the blank reagent were added to the 
unknown solution to destroy the fluorescence, and 
the galvanometer deflection was again observed. 

The fluorescence of the working standard was 
similarly determined; 2 ml. of blank reagent were 
then added, and the deflection of the galvanom 
eter needle was again observed. 

Calculation of riboflavin content of undiluted 
urine specimen: The galvanometer reading ob- 
tained with the diluted unknown sample after 
the addition of blank reagent was subtracted from 
the reading obtained with this sample before the 
blank reagent was added (thus obtaining value 

The galvanometer reading obtained with the 
working standard after addition of the blank 
reagent was subtracted from the reading obtained 
with this solution before the blank reagent was 
added (thus obtaining value “‘b’’). Then, 
as X dilution factor X 0.1 4 

= y of riboflavin per ml. of undiluted urine 
specimen 

\ portion of the specimens was also assayed 
by a procedure designed for use in small labora- 
tories operating in remote field stations. This 
procedure is described in considerable detail in 


NOTES 


order that it may be duplicated, if desired, under 
field conditions. 
Reagents needed: 
NaHCO; (C.P. reagent) 
NaS.O, (C.P. reagent) 
Riboflavin-5’-phosphate sodium, capsules 
containing the equivalent of 500 y of ribo- 
flavin 
Distilled or clear, colorless water 
Equipment needed (Sufficient for simultaneous 
assay of 10 specimens): 
Analytical balance 
2 closed weighing bottles 
1 500-ml. volumetric flask 
1 100-ml. volumetric flask 
4 test tube racks, to hold 10 cuvettes each 
33 cuvettes to fit photofluorometer 
2 10-ml. pipettes, analytical (not graduated 


to tip) 

1 5-ml. pipette, analytical (not graduated to, 
tip) 

10 1-ml. pipettes, analytical (not graduated 
to tip) 


1 Coleman (B-2) 12-222 optical filter 
1 Coleman (PC-2) 14-212 optical filter 
1 Coleman electronic photofluorometer, Model 
No. 12C. 
Preparation of stock solutions: 


Solution of blank reagent: Five grams of’ 
NaHCO; and 2.0 gm. of NaS.O, were 
weighed into separate closed weighing 


bottles. They were quantitatively trans 
ferred to a closed 100-ml. volumetric flask, 
brought to a volume of 100 ml. by the addi- 
tion of water, and shaken well until the 
powder was completely dissolved. 
Solutions of the blank reagent should be 


made fresh at least once weekly, and pref- | 


erably daily. 

Solution of standard riboflavin: One unopened 
capsule containing the equivalent of 500; 
of riboflavin in the form of riboflavin-5’ 
phosphate-sodium was placed in a 500-ml 
volumetric flask. The volume was brought 
to 500 ml. by the addition of warm (ap- 
proximately 40° to 50°C.) water. The re- 
sultant solution contained 1 y of riboflavin | 
per ml. of solution. The solution was stored 
in a closed amber-colored and foil-wrapped 
bottle, in a cool place. Standard riboflavin 
solution should be made fresh, at least once 
weekly. 

Setting the photofluorometer: The photofluorom- 
eter was plugged into electrical current. Voltage 
should be checked and a transformer employed 
when necessary. The instrument was turned ‘‘on’ 
one hour before needed and was allowed to come 
to equilibrium. The STD knob was turned to the 
right (clockwise) as far as possible; the aperture 
control was set to the right, and the filters were 
inserted. When the instrument came to equi 
librium, it was ‘‘set’’ 

(a) Ten milliliters of water were placed in 

cuvette #1; the fluorescence was measured by, 


as follows: 


me 


To 


L 
|_| 

se 
9 

ta 
ine 
sp 
cu 
In 
of 
Spt 
ol 

co 
usi 
eu 
flu 
va 
ml 
ad 
wa 
wa 
re: 
aby 
str 
tai 
ete 
rea 
Sta 
aga 
wit 
flay 
for 

| 


1, under 


capsules 
of ribo- 


taneous 


each 
aduated 
lated to, 


aduated 


- Model 


‘ams of 
), were 
‘eighing 
trans 
ic flask, 
he addi- 
ntil the 


be 


id pref- 


opened 
of 500, 
avin-5' 
500-ml 
brought 
rm (ap- 
The re- 


boflavin | 


s stored 
vrapped 
boflavin 


ist once 


luorom- 
Voltage 
nployed 
ad ‘on’ 
to come 
1 to the 
pperture 
‘rs were 
equi 


aced in 


ured by, 


NOTES 


inserting the cuvette in the photofluorometer, 

covering with the shield, depressing the shutter, 

and observing the galvanometer reading. The 
coarse and fine control knobs were adjusted until 
the galvanometer read zero. 

(b) Ten milliliters of standard riboflavin solution 

(ly per ml., as prepared above) were placed in 

cuvette #2, and the fluorescence was measured 

and recorded by the technique indicated in (a). 

Then, 2 ml. of blank reagent solution (as prepared 

above) were added to the cuvette containing the 

riboflavin solution; the solution was mixed well, 
replaced in the photofluorometer, and the gal- 
vanometer reading indicating the degree of 
fluorescence was again observed and recorded. 

The galvanometer reading for riboflavin solu- 
tion (1 y per ml.) generally was approximately 

18 to 20 before the blank reagent had been added. 

The reading was near zero after the blank re- 

agent had been added to the riboflavin solu- 

tion. Since the galvanometer needle may “‘drift”’ 
depending upon electrical current used—it is 
desirable, and often absolutely necessary, to 

“reset’’ the instrument immediately before 

each 1 to 2 specimens are tested. 

Assay of urine specimens: A series of 3 cuvette 
tubes per specimen to be tested were set up. They 
were labeled with specimen numbers and in 
sequence (from 4 to 33, forexample, if 10 specimens 
were to be tested). It should be noted that tubes 1, 
2, and 3 were employed already. Water was quanti- 
tatively pipetted into each cuvette in the amount 
indicated in table 1. Then the unknown urine 
specimens were pipetted quantitatively into each 
cuvette in the amounts also indicated in table 1. 
In this way, 1:6, 1:10, and 1:50 dilutions of each 
of the urine specimens were obtained. Such diluted 
specimens were pretccted from light by the use 
of foil wrapping prior to and during assay. The 
contents of each cuvette were mixed well before 
using. The fluorescence of the solution in each 
cuvette was measured by inserting in the photo- 
fluorometer and observing and recording gal- 
vanometer reading as described above. Then, 2 
ml. of blank reagent solution were immediately 
added to the solution in each cuvette, the solution 
was mixed, and again the degree of fluorescence 
was observed as evidenced by the galvanometer 
reading. 

To reset the photofluorometer: As indicated 
above, it was at times necessary to reset the in- 
strument after testing the 3 dilutions of each speci- 
men, or after any two- to three-minute time lapse. 
To do this, cuvette #1, as above, which now con- 
tained 10 ml. of water, was used. The galvanom 
eter reading was checked with the solution in this 
cuvette, and the instrument was readjusted if the 
reading was not exactly zero. Ten milliliters of 
standard riboflavin solution were placed into 
cuvette #3, and the galvanometer reading was 
again re-checked with this solution. If the setting 
with water was at exactly zero, and the same ribo- 
flavin was used to reset the instrument as was used 
for the initial setting of the instrument, then the 
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TABLE 1 
MEASUREMENT OF THE CONCENTRATION OF 


RIBOFLAVIN IN URINE 


Assay (Bz) 


Urine Specimen 
<= Ml. o Ribo- 
5 Water flavin 
z per Stand- | Speci Ml. Final eading 
|Cuvette| ard per | men per | Dilu- . 
Cuvette, Num- | Cu- tion a 
ber | vette = 
To set instrument 
1 | 10.0 — 
2 10.0 
3 10.0 
To assay unknown specimens 
4 8.5 1.7 | 1:6 
5 9.0 — I} 1.0} 1:10 
6 9.8 I | 0.2 | 1:50 
7 8.5 II | 1.7 | 1:6 
9.0 II | 1.0) 1:10 
9} 9.8 II | 0.2 | 1:50 
10 8.5 - III | 1.7 | 1:6 
11 9.0 III | 1.0 | 1:10 
12 9.8 III | 0.2 | 1:50 
13 8.5 IV 1.7 | 1:6 
31 8.5 m1 3.2) 
32 9.0 ~ - ( 1:10 
33 9.8 X | 0.2 750 


Recheck of standard riboflavin 
3 10.0 


* 2 ml. blank reagent solution added per 10 ml. 
solution in cuvette. 


galvanometer reading with the riboflavin solution 
at this time was identical with that recorded 
above. 

Recheck of standard riboflavin solution: Immedi- 
ately after the last specimen had been tested, the 
instrument was again reset with water and the 
galvanometer reading obtained with the standard 
riboflavin solution and with the standard ribo- 
flavin solution to which blank reagent solution 
had been added was rechecked. 

Calculation of results: The difference between 
the initial galvanometer reading and that ob- 
served after the addition of the blank reagent 
solution was calculated for each specimen, and 
this difference was recorded in the last column of 
a chart similar to that shown in table 1. The dif- 
ferences obtained on duplicate or repeat testing 
of the standard riboflavin solution in cuvettes #2 
and #3 were averaged. The differences obtained 
on duplicate or repeat testing of any other solu- 


of a single oral 250 dose. Drug administered immediately after each 0- or 24-hour specimen. 
adult subjects: No. 1, 


Three normal ambulatory 


O---O. 


Note that normal riboflavin excretion values for patient No. 1 ranged from 0.10 to 2 
of riboflavin per ml. of urine (20 specimens collected and assayed on 17 different days). 
2 ranged from 0.03 to 0.80 and averaged 0.26 y per ml. of urine (10 specimens collected and 
Only specimens collected during time periods when subjects were known 


0.67 
patient No. 2 
assayed on 8 different days). 


female, O 
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Fic. 1. Riboflavin content of urine (y per ml.) at 4 to 6, 16 to 18, and 24 hours after administration 


male 


O; No. 2, male @---@; No. 3, 


2.10 and averaged 
Those for 


~ 


to have received no vitamin supplements for a period of at least 96 hours were accepted as suitable for 


determination of the normal range. 


tions which may have been tested more than once 
were also averaged. 
The results were calculated as follows: 
When UGD = [galvanometer’ difference 
any given dilution of any given 
unknown specimen] 
[average galvanometer differ- 
ence for the standard, as calcu- 
lated above] 
then [UGD/SGD] X 
[dilution of the unknown specimen used] X 
per ml. of standard solution] = 
of riboflavin per ml. of undiluted 


for 


and SGD = 


{number of + 
{number of 
urine] 

Interpretation of results: The results obtained 
on assay of the 1:6, 1:10, and 1:50 dilutions of each 
specimen frequently were closely comparable. In 
such instances, the average of these three values 
was accepted as the concentration of riboflavin 
per ml. of urine. 


At times, however, a higher value was obtained 


dilutions 


on assay of higher, in contrast to lower, 
ribo- 


of a given specimen. The concentration of 
flavin per ml. of urine in these instances was ac- 
cepted as equal to or more than the number of 7 
per ml. of urine obtained on assay of the highest, 
i.e., 1:50, dilution of the specimen. It is a well- 
known fact that the fluorescence of a solution can 
be used, only within limits, as a measure of the 
concentration of fluorescing substance therein. 
Falsely low values may be obtained when highly 
concentrated solutions are tested by this tech- 
nique. 


In figure 1 may be seen the results obtained in | 


preliminary experiments designed to evaluate the 
maximal effect that may be anticipated on ad- 
ministration of riboflavin to humans. “Satura- 
tion’? doses equivalent to 250 mg. of riboflavin 
were administered to each of 3 normal ambulatory 
adults once daily for periods of three to five days. 
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No attempt was made to determine the maximal 
concentrations of riboflavin in the urine of these 
subjects following administration of such doses. 
Rather, specimens were collected at random inter 
vals after ingestion of the drug. From the data 
obtained, it was apparent that, during the early 
hours after ingestion, riboflavin was present in 
concentrations ranging from approximately 10 to 
10 + 
tion decreased significantly. Concentrations equal 


per ml. of urine. Thereafter, the concentra 


to or in excess of 2.4 y per ml. of urine were ob 


served, however, in all 3 subjects, for at least 
twenty-four hours after ingestion of the last 
previous 250-mg. dose of the drug. Subsequent 


observations on 2 


of these 3 subjects indicated 
that their normal output of riboflavin, when no 
vitamin supplements were ingested, rarely ex 
ceeded 1.5 y per ml. (see figure 5, Nos. 1 and 2). 
Two of these 3 subjects, among others, served as 
subjects for subsequent experiments designed to 
the effect of smaller 


evaluate incorporating 


of Urine 
w 
° 


mi 


40/4 ‘ 


of Riboflavin per 


Mcg 


Hours ofter Drug Administration 


Fig. 3. Comparison of the rate of exeretion of 
riboflavin following oral administration of the 
drug before breakfast versus immediately before 
retiring. Observations on a single ambulatory 
adult female (No. 1). Riboflavin administered 
with isoniazid in a riboflavin dosage equivalent to 
0.5 mg. per kg. of body weight. @ @ Drug 
administered 6:00 a.m.: 29 per cent of total dose 
excreted in first 10 hours; 34 per cent in first 23 
) Drug administered at 12:00 M: 32 
per cent of total dose excreted in first 10 hours; 
35 per cent in first 23 hours. 


hours. 


NOTES 


tablets. 
Tablets containing 50 mg. of isoniazid, with 2, 5, 


amounts of riboflavin into isoniazid 


and 8 mg. of riboflavin added, were used. Dosages 
0.2, 0.5, or 


0.8 mg. of riboflavin, per kg. of body weight per 


equivalent to 5 mg. of isoniazid, i-e., 


day were employed in most instances. In a. few 
cases, however, a higher dosage (equivalent to 10 
mg. of isoniazid and 1.6 mg. of riboflavin per kg. of 
body weight per day) was used. 


The results obtained in 3 normal subjects who 
received riboflavin in dosages equivalent to 0.8 
and 1.6 mg. per kg. of body weight are illustrated 
in figure 2. Two of the 3 (Nos. 1 and 2) received the 
drug before breakfast each morning; the remaining 
subject (No. 4) received it just prior to retiring at 
night. That the exeretion pattern is probably the 
same, regardless of time of drug administration, is 
illustrated in figure 3. 

From the data presented (figures 2 and 3), it is 
apparent that the concentration of riboflavin in 
the urine of these 3 subjects invariably was equal 
to or greater than 1.5 y per ml. of urine for a period 
of at least twenty-four hours after administration 
of each dose of the drug. In 2 of the 3 subjects, the 
concentration rose, after repeated administration 
of the drug for two to three days or longer, to 
concentrations in excess of 2.4 y per ml. at twenty 
four hours after drug administration. 

As illustrated in figures 3 and 4, the administra 
tion of riboflavin, with or without isoniazid, in 
dosages equivalent to only 0.2 or 0.5 mg. of ribo 
flavin per kg. of body weight resulted in similar 
results. Concentrations of riboflavin in excess of 
ad 


however, for 


2.4 y per ml. of urine were observed following 
ministration of these lower dosages, 
only twelve to eighteen hours after ingestion of the 
drug. The results were no different in a single 
had 10 mg. of 
(0.15 mg. per kg. of body weight) daily for a period 
In this the 
concentrations of riboflavin were uniformly equal 


subject who received riboflavin 


of more than two years. case too, 
to, or in excess of, 2.4 y per ml. only during the 
first twelve to eighteen hours after ingestion of the 
drug. 

The significance of these observations is de 
pendent in large part upon their reproducibility 
over long periods of time and in large numbers of 
people. Their significance depends also on the fre 
quency with which normal subjects, who have re 
ceived no known vitamin supplements, show 
concentrations in excess of 2.4 y per ml. of urine. 

In order to evaluate the normal range of ribo 
flavin excretion, 132 random specimens were col 
lected from 58 persons at varied time intervals. 
Thirty-one ot the 58 subjects were Navajos. Of the 
remaining 27 subjects, 13 were children. The total 
group of 58 was approximately evenly divided be 


tween the sexes. 
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Hours after Previous Dose 
Fic. 4. Seattergraph showing the concentrations of riboflavin in urine following the administration 
of small amounts of riboflavin, i.e., 0.15, 0.20, and 0.50 mg. per kg. of body weight per day. Three normal 


adult subjects (Nos. 1, 


2, 5), one of whom (No. 4) had received riboflavin as a dietary supplement in a 


9 


dosage equivalent to 0.15 mg. per kg. per day without interruption for more than 2 years. 


The results obtained on assay of these 132 speci 
mens are shown in figure 5. From the data pre 
sented it is apparent that only 4 subjects showed 
riboflavin concentrations in excess of 2.4 y per ml. 
of urine. Two were adult females whose drug con 
centrations were high only occasionally. The third 
was a boy with a eryptococeal infection. No in 
formation is available with respect to the fourth 
female child). 

Only 6 of the 132 specimens tested thus showed 
riboflavin concentrations in excess of 2.4 y per ml. 
of urine. Sixteen of the 132 showed concentrations 
in excess of 1.5 y but less than 2.4 y per ml. of 
urine. All other specimens, i.e., 82.6 per cent of the 
specimens tested, showed concentrations equal to 
or less than 1.5 y per ml. of urine. 

* * 

Mention has been made of the necessity for 
being able to detect easily those subjects who do 
not adhere to recommended schedules of drug 
treatment. Mention has been made also of the 
difficulties generally encountered when attempting 
to detect chemotherapeutic drugs present in low 
concentration in body fluids. 

The importance of knowing who is accepting 
self-medication in the treatment of tuberculosis 
has recently been discussed in detail by Fox, and 


Fox, W.: Tubercle, 1958, 39, 269. 


by Gangadharam and his associates.* Three tests 
whereby one may detect the presence of isoniazid 
in the urine following administration of this drug 
have been studied by the latter investigators, by 
Short and Case,? by Roberts and Deuschle,® and 
by others. Gangadharam and his associates have 
concluded that the Short and Case direct naphtho 
quinone mercuric chloride (N-M) test is capable of 
detecting the presence of isoniazid in the urine of 
about 90 per ceat of a group of subjects after ad 
ministration of a 100-mg. dose of isoniazid. Never- 
theless, they concluded that the procedure is too 
complicated for use in field laboratories. A modifi 
cation of this technique, proposed by them, has in 
creased the sensitivity of the test to some extent, 
but it is hampered by the fact that PAS as well as 
isoniazid gives positive results. 

The value of administering an easily detected 
compound, as a “‘tracer,”’ with a therapeutic drug 
such as isoniazid is obvious. Compounds used as 
‘tracers’? for another compound must not inter 
fere with the action of the therapeutic agent in 
question. In addition, however, although not ad- 
ministered for their own therapeutic value, they 


6 GANGADHARAM, P. R. J., et al.: Tubercle, 
1958, 39, 191. 

7Suort, Kk. J., anv Case, 
1957, 38, 288. 

8 Roperts, R., anp Deuscuie, K.: Am. Rev. 
Resp. Dis., 1959 (to be published). 
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Fic. 5. Seattergraph showing the concentrations of riboflavin in 132 urine specimens from 58 persons 


who had received no known vitamin supplements for at least 96 hours prior to test. 


Columns 1, 2, and 3 represent normal ambulatory adults, Nos. 1, 2, 


and 4. Only a single normal value 


is available on subject No. 3 (see column 8), and none is available on No. 6. 
Columns 4 to 7 represent normal ambulatory adults, Nos. 6 to 9. Column 8 includes data on 20 sub 


jects living in the New York area, while column 9 includes data on 31 Navajos. & and O males; > 


and @ females. 


must meet all of the requirements of a safe and 
effective drug; that is to say, they must be readily 
absorbed when administered by the same route as 
is used for the therapeutic drug in question and 
must be exereted in the urine over a period of at 
least twelve to twenty-four hours. They must be 
nontoxic, nonallergenic, easily detected in low 
concentrations, and should cause no unpleasant 
color or odor in body fluids. The “‘tracer’’ material 
must be cheap, palatable, and stable under those 
storage conditions regularly employed for the 
therapeutic agent in question. 

Riboflavin meets essentially all of these require 
ments. It is a normal constituent of the body, and 
thus low in toxicity. It is easily detected due to its 
ability to fluoresce strongly, even when present in 
low concentration. Although it imparts a strong 
yellow color to the urine of treated patients, 
especially during the early hours after its in 
gestion, this color is neither intense enough nor 
sufficiently unusual to arouse concern. 


The major drawbacks to the use of riboflavin 
are: (/) it is present in varying concentrations in 
many foods and is normally excreted in the urine 
in low and variable amounts; (2) it is present in 
most vitamin preparations, which are frequent) 
used without the physician’s knowledge; (3) por 
phyrin, which is one of the degradation products 
of hemoglobin, and which may be present in urine 
in varying amounts, not only fluoresces but passes 
through those filters used for measurement of 
riboflavin. 

The extent to which these factors may interfere 
with the value of riboflavin as a guide to drug 
acceptance remains to be determined in a larger | 
number of patients treated over more prolonged 
periods of time. It would appear, however, from 
the data obtained thus far that normal variations 
in the amount of riboflavin excreted will not inter 
fere with the use of this compound as a “tracer” 
substance. Likewise, the frequency with which 
porphyrin may be present in significant amounts , 
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and the extent to which administration of vitamin 
supplements may alter the levels observed prob- 
ably are not sufficiently great to limit the use- 
fulness of this procedure. 

The data obtained thus far are preliminary in 
nature and have been based on only a small num- 
ber of subjects. Nevertheless, it seems probable 
that riboflavin concentrations below 1.5 y per ml. 
of urine in patients receiving 0.8 mg. of riboflavin 
per kg. of body weight (in conjunction with a 
therapeutic agent) may be accepted as almost 
certain evidence that the therapeutic drug has not 
been ingested within the previous eighteen- to 
twenty-four-hour period. Concentrations in ex 
cess of 2.4 y per ml. of urine, on the other hand, 
may be accepted as indicative of drug accept 
ance. The significance of concentrations ranging 
from 1.5 to 2.4 y per ml. of urine depends, insofar 
as one may estimate from the present evidence, 
upon the time interval that has 
elapsed since administration of the last dose of 


presumably 


the therapeutic agent in question. The use of this 
riboflavin-“‘labeled”’ isoniazid preparation is being 
studied in both field and hospital conditions by 
one of the writers (K.D.), and the results will 
form the basis of a subsequent report. 

A simple, rapid technique for 
of urine 


In summary? 


measurement of the riboflavin content 
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specimens has been described. The data obtained 
suggest that riboflavin may be used satisfactorily 
as a ‘‘tracer’’ for isoniazid or other therapeutic 
drugs. When administered in dosages equivalent to 
0.8 mg. of riboflavin per kg. of body weight, concen- 
trations of this vitamin in excess of 2.4 y per ml. 
of urine indicate that the isoniazid incorporated 
with it has been taken within the preceding 
eighteen- to twenty-four-hour period. By contrast, 
riboflavin concentrations equivalent to less than 
1.5 y per ml. of urine represent evidence that the 
isoniazid incorporated with it has not been in- 
gested during this period of time. 


Giapys L. Hopsy® 
Research Division, Chas. Pfize r & Co., Inc. 
Brooklyn 6, New York 

Kurt W. DeuscuLe 


Department of Public Health and Preventive 
Medicine 
The New York Hospital—Cornell University 


Vedical Center 
New York, New York 


June 12, 1959 
® Present address: Special Research Laboratory, 


U. S. Veterans Administration Hospital, East 
Orange, New Jersey. 
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STREPTOVARICIN AND ISONIAZID IN THE TREATMENT OF PULMONARY 
TUBERCULOSIS' : * 


1957, at the Sixteenth Conference 
on the Chemotherapy 
Memphis, Tennessee by the Veterans Administra 
Armed 
study the effects of streptovaricin Sand isoniazid 
This 
their 


In February, 


of Tuberculosis, held in 


tion Forees, ten hospitals volunteered to 


on pulmonary tuberculosis in man report 


represents the compilation of combined 
efforts 

The protocol required the selection of patients 
who were undergoing re-treatment for pulmonary 


tuberculosis with cavitary disease. It was re 


quested that the study measure: the effectiveness 
ot stre ptovaricin in retarding the development of 
to isoniazid; 


resistance its therapeutic effect ; and 


its toxic effects. 


Three 


the diagnosis of pulmonary tuberculosis must have 


criteria were used for selection of cases: 


been established by recovery of tubercle bacilli 
from the sputum or gastric contents; the tubercle 
bacilli isolated must have been susceptible to an 
isoniazid concentration of 1.0 y per ml., that is, 


there must have been less growth in the 1.0-5 


culture tube than in the control tube; and the 
patients must have cavitary disease despite previ- 
ous antituberculous chemotherapy. 
The streptovaricin was administered orally as 
a single dose of 3.0 gm. a day, and the isoniazid 
was given as 100 mg. three times a day. 
In the analysis of re-treatment patients with 
cavitary disease, isoniazid-susceptible cases were 
A total of 51 patients whose 
Of these, 


11 had far advanced disease and 10 had moderately 


not too common 


disease met the criteria were reported 


advanced disease. At the four-month observation 


point, 25 patients were eliminated from the study 


of Isoniazid 


0 1.0 5.0 
Group I Growth Less Colonies 
Group Il Growth Less 0 
Group Ill Growth 0 0 


because the follow-up period was too short; in 
sufficient data had been accumulated; or, in retro 
spect, they had not been eligible according to the 
i.e., pretreatment studies 


criteria for selection, 


subsequently showed resistance to isoniazid 
(equal growth in the 1.0-y tube and the control 
tube). 

Streplovaricin-isoniazid after four months’ treat- 
ment: After four months of treatment, 26 patients 
remained eligible for the four-month report. The 
pretreatment status of susceptibility to isoniazid 


fell into three categories: 


Number 
+> of Isoniazid of 

Patients 

0 1.0 5.0 
Group I Growth Less Colonies } 
Group II Growth | Less 0 5 
Group III Growth 0 0 18 
Total 26 


The first group showed some growth in the con-' 
trol tube, less growth in the 1.0-y tube, and colon) 
growth in the 5.0-y tube. The second group showed 
some growth in the control tube, less growth in 
the 1.0-y tube, and no growth in the 5.0-y tube 
The third group showed growth in the control 
tube, no growth in the 1.0-) tube, and no growth 
in the 5.0-y tube. 

The findings of the emergence of resistance to 
isoniazid at the four-month period point were as 


follows: 
Number of Not Yet 
Patients Available Resistant Susceptible Nagatne 
3 0 3 0 0 
5 l 2 0 2 
IS 2 5 l 10 
26 10 12 


Total 


'The following Veterans Administration hos 
pitals engaged in this study: 
Coral Gables, Florida Castle Point, New York 
Memphis, Tennessee Kast Orange, New Jer 
New Orleans, Louisiana 
Oteen, North Carolina 
Wood, Wisconsin 
Bronx, New York 

Presented in 


sev 
Manhattan, New York 
Long Beach, California 
Con- 


at the Seventeenth 


ference on the Chemotherapy 


part 
of Tuberculosis, 
held February 3-6, 1958, in Memphis, Tennessee, 
by the Veterans Administration-Armed Forces. 
Siminorr, P., ef al.: Tr. Sixteenth Conference 


on the Chemotherapy of Tuberculosis, Veterans 
Administration-Armed Forces, 1957, p. 379. 

‘Wuitrievp, G. B., et al.: Tr. Sixteenth Con- 
ference on the Chemotherapy of Tuberculosis 
Veterans Administration-Armed Forces, 1957, p., 
384. 

L. E., anp Stern, K. F.: Tr 
Sixteenth Conference on the Chemotherapy o! 
Tuberculosis, Veterans Administration-Armed 
Forces, 1957, p. 387. | 

® McCune, R. M., et al.: Tr. Sixteenth Confer 
ence on the Chemotherapy of Tuberculosis 
Veterans Administration-Armed Forces, 1957, py 
392. 
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NOTES 


In the first group there were 3 cases, and in all 
of the 3 the cultures were found to be drug re 
sistant at the four-month point. In the second 
group there were 5 cases: two strains of tubercle 
bacilli isolated were drug resistant, an additional 
strain has not yet been studied, and the cultures 
were sterile in the other 2 cases. In the third group 
there were 18 cases: in a total of 8 the cultures 
were positive for tuberele bacilli; in 2, the cul 
tures were positive at the four-month point, but 
the drug susceptibility had not been reported; 
in 5 eases, drug-resistant cultures were isolated; 
in one case, a drug-susceptible strain was present; 
ind in 10 eases the sputum had contained no tu- 
berele bacilli for a two month period. The results 
in this group must be compared with the results 
achieved with isoniazid alone. 

In 10 of the 26 cases in which the strains of 
tubercle bacilli were initially fully susceptible to 
isoniazid, drug-resistant strains had emerged at 
the four-month point. If one considers the first 
and second groups separately, the probability of 


the appearance of resistance is very high. 


Of the 26 cases studied, the following are the 
findings on the chest roentgenograms: 
toentgenographie change 
moderately improved Ss 
slightly improved S 
ho change 7 
moderately worse 3 
Cavitary disease 26 
Cavity closed 2 


Of the 26 patients with single or multiple cavi 
ties, only 2 patients were reported as having shown 
cavity closure. 

The following symptoms of drug toxicity were 
reported and required discontinuance of strepto- 
varicin in 9 vomiting, diarrhea, 


cases: nausea, 


which were encountered most frequently; ab 


dominal discomfort, anorexia, and lethargy. 
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The original 51 cases were reanalyzed after 
eight months of treatment with streptovaricin- 
isoniazid. Eleven cases were dropped from the 
eight-month report because of toxicity or ineligi 
bility for this study. After eight months of obser 
vation, 40 cases were eligible for reporting. Thirty 
two patients had been treated for six to eight 
months, and in 8 eases treatment had been termi 
nated after four months. 

Bacteriologic studies at eight months revealed 
that the sputum had become negative for tuberele 
bacilli in 14 of the 40 patients. In 4 patients, the 
bacilli discharged were isoniazid susceptible, and 
in 22 patients the bacilli discharged were isoniazid 
resistant. 

toentgenographic improvement (moderate) was 
observed in 15 patients at the eight-month ob 


had 


occurred in 13. The findings had shown no change 


servation point, and slight improvement 
in 6 cases, and were considered to show progression 
of disease in an additional 6 eases. Cavity closure 
occurred in 7 of the 40 patients with cavitary dis 

In summary: On the basis of an eight-month 
treatment period of 40 patients with streptovaricin 
and isoniazid, it is concluded that streptovaricin 
the emergence of tubercie bacilli 


resistant to Isoniazid. Moreover, no evidence was 


does not delay 


found that streptovaricin at this dosage along 


with isoniazid offers more in therapeutic efficiency 


than might have been achieved from isoniazid 


alone. In one-fifth of the cases, toxicity due to 


streptovaricin was severe enough to warrant dis- 


continuance of the drug. 


Arruur NATHAN 
Velerans Administration Hospital 
Castle Point, Vew Yorl 


February 18, 1959 
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STREPTOVARICIN ALONE IN THE TREATMENT OF ACTIVE 
PULMONARY TUBERCULOSIS' 


A Short-Term Clinical Study 


Streptovaricin, a new antimicrobial drug pro 


duced from aetinomycete, Streptomyces 
spectabilis, has been found to have a high degree of 
antituberculous activity in vitro It is reported 
to be about ten times as active as streptomycin, 
one hundred times as active as para-aminosalicylic 
acid, half as 
is highly effective in the tuberculous mouse*® and 


and about active as isoniazid. It 
in the tuberculous guinea pig.*-* Only two clinical 
studies have previously been reported. McCune 
and his co-workers’ studied a total of 17 patients 
treated on a dosage regimen of 50 mg. per kg. per 
day in divided doses. Eleven of these patients 
received streptovaricin alone for five months. 
The antituberculous effect was not marked. There 
was only one sputum conversion and, although four 
patients showed slight roentgenographic improve 
ment, one of these developed tuberculous 
meningitis during the fourteenth week of therapy. 
Nathan*® has reported a clinical study on 26 pa 
tients receiving streptovaricin in a single daily 
dose of 3 gm. in combination with isoniazid for a 
period of four months. These were all re-treatment 
patients with eavitary disease. Cavity closure 
was observed in two patients. There was roent- 
genographic evidence of slight improvement in 
eight patients, moderate improvement in eight, 
no change in seven, and deterioration in three. 
Gastrointestinal disturbances necessitated dis- 
continuance of streptovaricin in 20 per cent of 
the patients. 

Because of the need for further clinical experi- 
of the 


toxic and therapeutic effects of streptovaricin 


ence with the drug, a short-term study 
was begun in the Bellevue Hospital Chest Service 


study 
the Upjohn Company, and the 
(Dalacin) used was supplied by them 

2 Simonorr, P., ef al.: Am. Rev. Tubere., 1957, 


Was supported by a grant from 
streptovaricin 


L. E., et al.: Am. Rev. Tubere., 
1957, 75, SSS 
Lutz, A., Wirz, M. A.: Ann 

teur, 1958, 94, 61. 

Kartson, A. G.: 
Clin., 1958, 33, 198. 

®Srern, K. F., ef al.: Am. Rev. Tuberc., 1958, 
77, 976 

7 McCune, R. M., Jr., et al.: Am. Rev. Tuberc. 
19057, 75, 659 

Natuan, A.: Tr. Seventeenth Conference on 
the Chemotherapy of Tuberculosis, Veterans 
Administration-Armed Forces, 1958, p. 392. 


Pas- 


Inst. 


Proc. Staff Meet., Mayo 
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in August, 1957, using the drug alone in previousl) 
untreated cases of pulmonary tuberculosis and 
in higher doses than previously reported. 


Twenty-eight adult males, ranging in age from 
sixteen to sixty-nine years were selected for this 
study. The average age was forty-six years 
There were 17 cases of far advanced active tu- 
berculosis, 10 cases of moderately advanced active 
tuberculosis, and one case of acute miliary tu- 
berculosis. Seventeen patients had easily demon- 
strable single or multiple cavities. None had 
received previous chemotherapy. Tubercle bacilli 
were recovered from the sputum of all patients 
before chemotherapy was begun. The patients 
were all seriously but not critically ill. Baseline 
studies, including observations on temperature 
course, volume of sputum, weight, routine labora- 
tory studies, and localizing chest films were gen 
erally completed within two weeks after admis- 
sion. Chest roentgenograms, routine urinalyses, 
and complete blood counts were done every two 
weeks for an initial period of two months and once 
a month thereafter. Liver function was studied 
monthly for the first two months and then as 
indicated. Three sputum specimens or gastric 
cultures were cultured at monthly intervals. The 
patients, all of whom were on a semiambulatory 
regimen, were weighed, and sputum was measured 
at approximately weekly intervals. Determina- 
tions of the streptovaricin concentrations in the 
blood were done over an eight-hour period on 6 
patients, each of whom received a single dail) 
dose of 5 gm. of the drug. 

Studies of the emergence of bacterial resistance 
to streptovaricin were made at approximately 
monthly intervals on the bacilli excreted by 10 
patients. Tween®-albumin medium was used in 
these observations, which were made by Dr. 
William Steenken, Jr. of the Trudeau Laboratory 
at Saranac Lake, New York. 

Seventeen patients received 5 gm. of strepto- 
varicin in single daily after breakfast. 
Eleven patients received 10 gm. of streptovaricin 


doses 


. . . 
given in two divided daily doses. It was planned 


to treat all patients for four months. However, 6 
patients in the low-dose group were dropped from 
the study: The drug was discontinued in one 
after ten weeks of definite roentgeno- 
graphic progression of the disease, and in a second 
weeks of treatment also because ol 


because 


after seven 
roentgenographie evidence of spread of disease. 
The drug was discontinued in a third patient after 
two months because of gastrointestinal intoler- 
ance. The remaining 3 patients left the hospital 


against advice before four months’ treatment was | 


completed. 


\ 


T 
toe 
dru 
seve 
dise 
mili 
lym 
ther 


D 
in tl 
fere 
stud 
no i 
gast 
men 
mati 
com) 
vom 
naus 
toms 
less 1 
acce) 


twe 


L 
) 
I 
J 
J 
E 
75, 576 


viously 


and 


is 


e from 
or this 
years 
ve tu- 
active 
ry tu- 
lemon- 
e had 
bacilli 
atients 
atients 
aseline 
‘rature 
abora- 
‘e gen 
admis- 


NOTES 


TABLE 1 


Stupies oF BacTEeRIAL RESISTANCE 


Degree of Resistance* 
Duration 


alyses, } 


ry two 
d once 
tudied 
hen 
vastric 
s. The 
latory 
asured 
rmina- 
in the 
d on 6 

daily 


as 


stance 
nately 
by 10 
sed in 
y Dr. 
ratory 


repto- 
ikfast. 
yaricin 


lanned 


aver, 6 
d from 
nm one 
tgeno 
second 
use ol 
isease. 
t after 
ntoler- 
pspital 
nt was 


Resistance of 


TO STREPTOVARICIN 


ate plete 
weeks 
H. ¢ x 11 Complete Moderate roentgenographic improve- 
ment; culture positive for tubercle 
bacilli 
x 15 None Moderate roentgenographic improve 
ment; culture positive for tubercle 
bacilli 
W.N > 4 5 Slight Moderate roentgenographic improve- 
ment; culture negative for tubercle 
bacilli 
XN. B. 9 Moderate No roentgenographic change; culture 
positive for tubercle bacilli 
> A.D. 10 Slight Slight roentgenographic improvement; 
culture positive for tubercle bacilli 
F.C x 13 Complete Moderate roentgenographic improve- 
ment; culture positive for tubercle 
bacilli 
7 x 7 Slight No roentgenographic change; culture 
positive for tubercle bacilli 
A.G x 10 Moderate Slight roentgenographic improvement; 
culture positive for tubercle bacilli 
J.R. x S No further | Moderate roentgenographic improve- 
cultures ment; culture negative for tubercle 
bacilli 
E. D. > 5 Slight Moderate roentgenographic improve- 
ment; culture negative for tubercle 
bacilli 
* The first cultures of all patients were susceptible. 
* Two patients in the high-dose regimen failed the high-dose regimen) was generally good, and 
to complete four months’ treatment: In one, the only one patient failed to take his medication 


drug was discontinued after ten days because of 
severe gastrointestinal symptoms. The drug was 
discontinued in the second patient who had acute 
miliary tuberculosis because of the appearance of 
lymphocytes in the cerebrospinal fluid although 
there were no other signs of meningeal infection. 


Drug toxicity: No significant change was noted 
in the hemoglobin, total leukocyte count, or dif- 
ferential cell count of any patient. Liver function 
studies did not suggest any hepatotoxic effects; 
no urinary abnormalities developed. Unpleasant 
gastrointestinal side effects were common and, as 
mentioned, necessitated stopping the drug pre- 
maturely for 2 patients. Anorexia was the primary 
complaint of one of these patients; nausea and 
vomiting were the primary complaints of the 
Eleven of 
vomiting, or anorexia; but these symp- 


second. other patients complained 
nausea, 
} toms were easily controlled and seemed to become 
less troublesome as treatment progressed. Patient 
| acceptance of the large number of capsules 


? (twenty-five in the low-dose regimen and fifty in 


regularly. However, considerable coaxing by the 
nursing staff was often necessary. The drug was 
given to several patients in powder form with 
fewer unpleasant gastrointestinal side effects, 
which were no more severe on the 10-gm. than on 
the 5-gm. regimen. 

An interesting observation was that in several 
patients the urine, if alkaline, turned a dark brown 
shortly after the drug was administered but re- 
sumed its normal color after acidification. The 
significance of this observation is not known. 

Drug-resistance studies: Studies 
resistance to streptovaricin are shown in table 1. 


of bacterial 
Slight resistance is defined as 2-plus growth in a 
concentration of 1 y per ml.; moderate resistance 
as a 2-plus growth in a concentration of 10 y per 
ml.; and complete resistance as a 2-plus growth 
in a concentration of 100 y per ml. The initial ecul- 
tures on all patients showed complete suscepti- 
bility Tubercle bacilli from all 
patients displayed various degrees of resistance, 


to the drug. 


ranging from slight in 5 to complete in 2 patients. 
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The earliest appearance of drug resistance was 
noted at five weeks from the onset of therapy. 
There was no correlation between the emergence 
of bacterial resistance and the clinical course of 
the disease under treatment. 

blood: 
is little information in the available litera 
the 


blood of 


Concentration of streptovaricin in_ the 


There 
ture concerning concentration of strepto 
humans following oral 


Studies by the S. 


varicin in the 
idministration of the drug. 
plate method on serum from 6 patients 


lutea 


following ingestion of 5 gm. of streptovaricin re 


vealed the following average concentrations of 
drug: at one hour, 0.52 +; at two hours, 0.95 y; 


at six hours, 0.64 y; and at 


are difficult to 


hours, 0.75 
eight 0.64 


reconcile with those reported by Schwartz,® who 


it four 
hours, These values 
stated that concentrations as high as 8.5 y per ml. 
were found four hours after an oral dose of 3 gm. 
ot streptovaricin. 

Therapeutic effects: With the exception of the 2 
patients whose clinieal condition deteriorated 
roentgenograms showed progression 


all of the 20 patients in this study 


ind whose 
of their disease, 


who completed four months’ treatment showed 


symptomatic improvement while in the hospital. 
The improvement was evidenced by decrease in 


cough, increase in appetite, improved general 


well-being, and decrease in constitutional symp 


toms. It must be admitted, however, that this 


improvement often began before chemotherapy 


was started 


Seventeen of the patients who completed four 


months’ therapy were febrile before treatment, 


with temperatures ranging from 99° to 103°F. 
Fourteen of these patients became afebrile. Three 
continued to run low-grade fevers below 100°F. 


Weight gain was variable but averaged 11 pounds 
in 19 of the 20 patients who completed four 
months’ treatment. One patient showed no weight 
Daily sputum production before treat 


change 


ment averaged approximately 60 ml. and de 
creased to approximately 30 ml. at the end of four 
months. No significant difference in the degree of 
clinical improvement was noted between the high 
and low-dose regimens. 

The sputum of 5 of the 20 patients who com 
pleted four months’ therapy became negative on 
smear and culture for tubercle bacilli. One of these 
patients was in the high-dosage group. Three of 
these patients had moderately advanced disease, 


disappearance of tuberele bacilli from the sputum 


the remaining 2 had far advanced disease. 


usually occurred during the third or fourth month 
of therapy, although in one case it occurred after 
Scuwarrz,S.: Discussion of paper by Nathan, 


\ footnote? 


NOTES 


only one month of treatment. The urine cultures 
for tubercle bacilli of one patient with asympto- 
matic genitourinary tuberculosis in the 5-gm 

daily dosage group became negative for tuberele - 
bacilli after one month, but the sputum cultures 

of this patient remained positive. 

As already mentioned, serial films of 2 patients 
disease which necessitated 


showed spread of 


changing therapy. At the end of four months’ 
treatment, no significant roentgenographic change 
was observed in 3 patients, slight clearing had. 


occurred in 8, moderate improvement was noted 


in 8 (figures 1 and 2), and extension of an area of 
previously existing disease was noted in one pa- 
tient. One of the patients who showed moderate 


had had a 


documented spread of dise: 


improvement roentgenographieally 


two weeks before 


therapy was begun. Seventeen patients had had 
easily demonstrable cavities on routine films be 
treatment. Although in 
cavity size had decreased at the end of treatment, 


fore several instances | 
in only 2 patients did the cavities disappear from 

view. Unfortunately, tomograms were not done to 

determine if cavity closure had actually occurred 

The degrees of roentgenographic change were not 

significantly different in either the high- or low 
dosage groups. 

It becomes readily apparent that streptovaricin 
in the doses employed does not have the thera- 
peutic efficacy of either isoniazid or streptomycin, 
but is more comparable with the less effective 
particularly with respect 
Many of the patients 


antituberculous drugs, 
to sputum “‘conversion.”’ 


in the present study, however, had chronic fibrotic ” 


disease in which roentgenographic improvement 
at the end of four months of even optimal chemo- | 
therapy would not be marked. It has been shown" | 
that broken into 
several fractions, one of which, streptovaricin C, | 
antituberculous effect 


streptovaricin can be down 
has considerably greater 
than the others. It is conceivable that, if strepto- 
varicin C were isolated from the other fractions 
for clinical 2 more pronounced antituber- 
culous effect might be obtained. This purification 


use, 


might also reduce the large number of capsules 
necessary to achieve a therapeutic effect, which is 
a serious drawback to the use of streptovaricin | 
in its present form, and might also decrease the | 
high incidence of gastrointestinal disturbances. 
It is a disappointment that the clinical results 
do not measure up to the antituberevlous effects 


obtained in vitro and in experimental animals. 


The present results, however, seem to be slightly 


0 Srern, K. F., ef al.: Am. Rev. Tuberc., 1958, 


OTe 
77, 


| 


more encouraging than those previously reported, | 
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Fig. 1A. H. C., a 45-year-old white male. Streptovaricin, 5 gm. daily. Sputum positive for tubercle 
bacilli; temperature, 102°F.; weight, 158 pounds. Daily sputum, 45-60 ml. 


98.6°F.; weight, 165 pounds. Sputum 20-30 ml. 
Fig. 2A. J. F., 


Fic. 1B. Moderate roentgenographie clearing. Sputum positive for tubercle bacilli; temperature, 


a 49-year-old white male. Streptovaricin, 5 gm. daily. Sputum positive for tubercle 


bacilli; temperature, 98.6°F.; weight, 118 pounds. Daily sputum, 30 ml. 
Fic. 2B. Moderate roentgenographiec clearing. Sputum negative for tuberele bacilli on culture; tem- 


perature, 98.6°F.; 


and may be related to the higher concentrations 
of drug achieved in the blood by giving larger 
amounts of the drug in single rather than in di 
vided doses. It the clinical and 
definitely 


is believed that 
roentgenographiec improvement is 
greater than could be achieved by a semiambula- 
tory hospital regimen without chemotherapy 
In summary: Among 28 patients with moder- 


weight, 131 pounds. Daily sputum, 20 ml. 


ately or far advanced pulmonary tuberculosis 
started on streptovaricin therapy, 20 completed 
a four-month course of treatment. Three patients 
left the hospital before treatment was completed. 
The drug was discontinued in 2 because of gastro- 
intestinal disturbances, in 2 because of roent- 
genographic worsening, and in one because of 


the appearance of lymphocytes in the cerebro- 
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spinal fluid. The sputum of 5 patients became 
negative for tubercle bacilli on culture at the end 
of four months. No significant roentgenographic 
change was observed in 3 patients; slight clearing 
took place in 8; and moderate improvement was 
noted in 8 patients. Extension of an area of pre 
existing disease was noted in one. Except for the 
2 patients with progressive disease, symptomatic 
improvement was noted in the whole group. Side 
effects were limited to gastrointestinal disturb- 
ances. Studies of the emergence of bacillary re- 
sistance to streptovaricin showed that varying 
degrees of resistance developed in all patients. 
Further clinical studies should be undertaken 
with streptovaricin with a more purified form of 
the drug than is now available, and additional 
studies in combination with another drug of 
known antituberculous activity would also seem 
indicated. A daily dose of 10 gm. of streptovaricin 
is as well tolerated as 5 gm., but the results of 


this preliminary study in a small group of patients 
do not suggest that the therapeutic effect of this 
high-dose schedule is superior to that of the low- 


dose schedule. 


EpGar A. River" 
Davip G. Srmpson 
Joun F. Bowen 
Department of Medicine, College of Physicians 
University; and 
Hospital 


and Columbia 
Chest Service of Bellevue 
Ne w York, Ne w York 


Surgeons, 


April 8, 1959 


11 The writers wish to thank Miss Rose Marie 
Ramaglia for her nursing help in this study and 
Dr. John H. McClement for his assistance in the 
preparation of this paper. 

12 Present address: 127 East 64th Street, New 


York 21, New York. 
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STREPTOVARICIN AND ISONIAZID IN THE TREATMENT OF PULMONARY 
TUBERCULOSIS' 


Streptovaricin, an antimicrobial derived from 
Streptomyces spectabilis, has been shown to be 
effective in tuberculosis of mice and guinea pigs.2~* 
McCune and associates; utilizing a well-stand 
ardized microbial enumeration technique in ex 
perimental mouse tuberculosis, demonstrated 
three unusual properties of streptovaricin. First, 
it had very little antituberculous activity when 
used alone; second, although the early activity of 
streptovaricin used alone was minimal, progres 
sive drug effect was demonstrable and the late 
effects approximated those obtainable with iso 
niazid; third, with 


isoniazid, it demonstrated a high level of activity, 


when used in association 
of the same order as isoniazid-pvrazinamide, and 
superior to any other multiple-drug regimen. In 
human tuberculosis the same workers noted that 
streptovaricin given alone in a dosage of 50 mg. 
per kg. had a definite but quite minimal anti- 
tuberculous effect and negligible toxicity. In 1958 
Nathan® reported a group of 26 patients treated 
and streptovaricin 


with isoniazid (300 mg. daily 


3 gm. daily) in which it was not possible to dis 


cern any therapeutic efficacy over that attribut- 


able to isoniazid alone. More recently Riley and 


his co-workers’ reported treatment of 29 previ- 


ously untreated patients with streptovaricin 


alone in a somewhat higher dosage of 5 gm. once 
daily (18 patients) and 5 gm. twice daily (11 pa- 


tients). In this study a definite but low-grade 


antituberculous eifect was demonstrated. Moder- 


‘This study was supported in part by grants 
from the Navajo Tribal Council; the Committee 
on Medical Research of the American Trudeau 
Society, medical section of the National Tuberecu 
losis Association; and Research Grant E-635 from 
the Institute of Allergy and Infectious Diseases 
of the National Institutes of Health, U. S. Publie 
Health Service. 

L. 
1957, 75, SSS. 

L. E., anp Stern, K. F.: Tr. Six- 
teenth Conference on Chemotherapy of Tubercu 
Veterans Administration-Armed 
1957, p. 387. 

'Srern, K. 
77, 976. 

5’ McCuNE, 
1957, 75, 659. 

®Natuan, A.: Tr. Seventeenth Conference on 
the Chemotherapy of Tuberculosis, 1958, p. 336. 

*Ritey, E. A., et al.: Tr. Eighteenth Confer- 
ence on Chemotherapy of Tuberculosis, Veterans 
\dministration-Armed Forces, 1959. 


et al.: Am. Rev. Tuberc., 


losis, Forces, 
F., et al.: Am. Rev. Tubere., 1958, 
Rev. Tuberc., 
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ate roentgenographic improvement occurred in 
nine patients and reversal of infectiousness in 
five. It 
regimen in six 


to discontinue the 
three for 


became necessary 


instances, roentgeno 
graphic progression of disease, one for the develop- 
ment of tuberculous meningitis while on therapy, 
and two for severe gastrointestinal toxic symp- 
toms. They noted no difference in the results of 
the two different doses. 

In 1957 a study was instituted at The New York 
Hospital and the Navajo Medical Center Sana- 
torium to determine the effectiveness of strepto- 
varicin in combination with isoniazid. The present 


report records the results. 


Consecutively admitted, previously untreated 
patients with moderately or far advanced pul 
monary tuberculosis were included in this study. 
Patients were eliminated from the study in less 
than six months if the diagnosis of tuberculosis 
could not be substantiated bacteriologically or if 
the disease progressed under therapy. Of the 55 
patients who were available for analysis at the 
six-month point, 20 had moderately advanced 
and 35 had far advanced disease, with cavitation 
in all but one instance. After six months of ther 
apy the use of surgical measures may so distort 
such clinical indices as reversal of infectiousness 
and roentgenographie change that only the first 
six months of therapy are emphasized. 

Isoniazid in a dosage of 5 mg. per kg. and strep- 
tovaricin, 50 mg. per kg., were both given in two 
divided doses. However, a few patients from the 
Navajo Medical Center received doses of strepto 
varicin ranging up to 90 mg. per kg. for a short 
period at the beginning of the study. 


Substantial roentgenographic improvement at 
the end of six months was obtained in 50 (92 per 
cent) of the 55 patients. In 28 (51 per cent) of the 
54 patients with initial cavitation, apparent cavity 
closure had oceurred by six months as judged by 
serial postero-anterior chest roentgenograms. In 
2 additional patients, cavity closure occurred in 
the second six-month period of treatment, bring- 
ing the total to 30 (56 per cent). Roent genographic 
deterioration (spread of infiltrate to a previously 
uninvolved area) occurred (1.8 
per cent) after two months of treatment. Conven 


in one instance 


tional therapy was then substituted for strepto 
varicin. 

At the end of six months of treatment, 37 (67 
per cent) of the 55 patients had achieved reversal 
of infectiousness. By the end of the therapeutic 
year there was a total of 39 (71 per cent) in this 


group. 


152 NOTES 

TABLE 1 1 y of isoniazid per ml.) Four of these patients 
CoMPARISON OF ISONIAZID-STREPTOVARICIN WITH Were considered initial treatment successes, but 
Isontazip ALONE AND ISONIAZID-PYRAZINAMIDE in 6 patients additional surgical measures were 


AFTER 6 Montus’ TREATMENT 


Isoniazid Isoniazid 


Isoniazid 


Strepto on Pyrazina 
varicin mide 
pe nt pe en per cent 
Reversal of infectious 
ness 67 72 93 
Cavity closure 51 57 58 
Substantial roentgen 
ographic improve 
ment 92 78 76 
Thirty-three (60 per cent) of the 55 patients 


achieved the conventional therapeutic objectives 


of cavity closure and reversal of infectiousness 


without requiring additional medical or surgical 
measures. Twenty-two (40 per cent) were con 
sidered initial treatment failures. Thirteen of this 


had 


additional 


group ultimately satisfactory results when 


surgery and/or chemotherapeutic 
measures were employed. In 12 of the 13, addi 
tional therapy was initiated when the patients 
failed to improve; but in one there was actually 
roentgenographie deterioration that subsequently 
improved on a change in drug regimen. Of the 
remaining 9 patients who were treatment failures, 
t left against medical advice while surgery was 
being considered or recommended, one left shortly 
after a resection was done and has been lost to 
follow-up observation, one has had a resectional 
procedure recently and ean in all probability an- 
ticipate a good result. Three patients with per 
sistent but bacteriologically 


are being treated with isoniazid alone as 


cavities negative 


out 
patients 

When those patients with satisfactory results 
therapeutic measures are 


following additional 


counted among the successes, then the figure for 
favorable results rises to 46 (84 per cent) of the 
original group of 55. As would be expected, the 
proportion of patients with far advanced disease 
was greater among those requiring additional 
therapeutic measures than among those who re 
quired no additional treatment. 

the 


and/or gastric washings from 43 patients were 


Tubercle bacilli isolated from sputum 


tested for in vitro susceptibility to isoniazid. Ten 
(22.7 per cent) of the 43 patients exereted iso 


niazid-resistant strains during the course of 


treatment. (Isoniazid resistance is defined as 


growth of tubercle bacilli in medium containing 


required. 


The present study of isoniazid streptovaricin 
can be compared with two other chemotherapy 
trials conducted by the present investigators.* 


All of these trials were similarly composed 


previously untreated patients with moderately 
advanced or far advanced pulmonary tubercu 
losis. One of the treatment regimens was isoniazid 
alone, 10 mg. per kg. per day for a three-week 
period followed by a reduction to 5 mg. per kg. for 
the remainder of the course; the other treatment 
regimen was isoniazid, 5 mg. per kg. given in con 
junction with pyrazinamide, 3 gm. daily. As may 
be seen in table 1, a slightly lower percentage of 
the present 
sputum reversal than was the case with isoniazid 


series achieved cavity closure and 
alone. The figure for reversal of infectiousness 
was appreciably higher in the isoniazid-pyrazin- 
amide group. A greater percentage of the present 
series was judged to have attained substantial 
roentgenographiec improvement at the end of six 
months than was the case in either of the other 
two series. However, this apparent advantage is 
not accompanied by a corresponding advantage 
with respect to cavity closure. The emergence to 
predominance of  isoniazid-resistant tubercle 
bacilli was more frequent in the patients requir 
ing eventual change in therapy (6 patients) than 
in the group needing no additional measures for 
a successful result (4 patients). However, the re 
sults in the present series are in agreement with 
those of the earlier study, indicating that in vitre 
resistance to isoniazid is less well correlated with 
clinical progress than is the case with other major 
antituberculous agents. 

The results of this study indicate that the com- 
bination of streptovaricin and isoniazid in the 
dosage used is no more effective than isoniazid 
alone. This dosage of streptovaricin was, however, 
less than that used by Riley and associates in 
their study (previously referred to) with strepto- 
varicin alone.? 

DeuscuLe, K., et al.: Am. Rev. Tubere., 1954, 
70, 228. 

C., 
77, 539. 

McDermorrt, W., ef al.: 
1954, 69, 319. 

" MuscHENHEIM, 
1954, 70, 743. 


et al.: Am. Rev. Tubere., 1958, 


Rev. Tubere., 


Am. 


’., ef al.: Am. Rev. Tuberc., 
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NOTES 


In summary: A group of 55 previously untreated 
patients with moderately advanced and far ad 
vanced tuberculosis were treated with strepto 
varicin and isoniazid. At the six-month evaluation 
point 92 per cent had achieved substantial roent 
genographic improvement, 51 per cent were judged 
to have closed their cavities, and reversal of in 
fectiousness had occurred in 67 per cent. These 
results do not differ significantly from those ob 
tained in a similar group of patients treated with 
isoniazid alone. With respect to reversal of infee 
tiousness, the present results are inferior to those 
obtained with isoniazid-pyrazinamide. It is con 
cluded that at the dosage used the combination of 
streptovaricin and isoniazid is no more effective 
than isoniazid alone. 
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ATYPICAL ACID-FAST BACILLI" * 


III. An Expanded Schema 


The general study of the atypical acid-fast 
bacilli has a dual purpose: the investigation of 
taxonomic characteristics which eventually will 
determine the valid species and provide means of 
specific identification of isolates; and the con 
comitant development of methods for preliminary 
grouping of current isolates in the routine 
laboratory 

This report concerns an expansion of the pre 
vious schema® to include 17 of the Mycobacterium 
species and 2 Nocardia species which might appear 
in routine specimens, and outlines additional 
characteristics useful in the grouping of these 
organisms. The use of this system as a working 
procedure narrows the range of taxonomic investi 
gation necessary to complete the specific identi 
fication of an unidentified isolate. 

To this end, the identified strains were examined 
as they would be seen if isolated from patient 
material. Starting from Léwenstein-Jensen me 
dium, the cultures were carried through a series 
of tests designed to yield reliable grouping char 
acteristics in the least possible time, using read 


ily available media. 


The strains examined the 
original isolate of each species when available, or 
are strains proved by examination to be repre- 
sentative of their species. The characteristics 
listed are based on examination of multiple iso- 
lates in every species for which multiple isolates 
were available (M. fortuitum, M. phlei, M. rhodo- 
chrous, M 
and N. brasiliensis). 

The cultures tested in the study were: 


are subcultures of 


smeqmatis, M. tuberculosis, N. as- 


lteroides, 


ATCC #11755 
ATCC #11564 
ATCC #9834 
ATCC #6841 


V ycobacterium avium 

V ycobacterium balnei 

Mycobacterium bovis 

V ycobacterium fortuitum 

V ycobacterium (Nocar 
dia) intracellularis 

ATCC #12478 

REG #690 


V ycobacterium kansasii 


V ycobacterium marianum 


' Presented in part at the annual meeting of the 
Society of American Bacteriologists, Chicago, 
Illinois, May, 1958. 

2 Supported by Grant E483 (C4) from the Insti- 
tutes of Allergy and Infectious Diseases of the 
National Institutes of Health, U.S. Public Health 
Service. 

McMILLEN, 8., AND Kusuner, D.S.: Am. Rev. 
Tubere., 1957, 76, 103. 

REG strains supplied by Dr. Ruth E. Gordon, 
Institute of Microbiology, Rutgers University, 
New Brunswick, New Jersey. 
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ATCC #927 
REG #310 


ycobacte rium marinum 

VU ycobacterium paraffini- 
cum 

Mycobacterium phlei REG #3 

Vycobacterium platypoe- REG #R-21 
cilus 

MV ycobacterium paratuber- 


culosis 


ATCC #12227 


rhodo- CCH® 


ycobacterium 
chrous 

V ycobacterium scrofula- P & M #3327° 

ceum 


REG #34 


ycobacterium smegmatis 


V ycobacterium thamno- ATCC #4445 
pheos 

ycobacterium tuberculo- H37Rv 
sis 

Nocardia aste roide CC ‘1H 

Nocardia brasiliensis Gonzalez Ochoa 

The media used were: 
Léwenstein-Jensen medium 
Dehydrated beef and yeast extract broth’! 


(Penassay) 
Nutrient agar with 7 per cent glycerol (gly-' 
cerol ) 
Brain heart infusion agar? with 5 per cent blood 
(blood agar) 
Eosin methylene blue agar’? (EMB) 
Cornmeal agar with dextrose? (CM) 
Littman’s oxgall agar? (Litt) 
Organic acid utilization agar: Koser’s salt agar 
base® with 2 per cent of one of the following organic 
acid salts (pH 6.5 with phenol red indicator) : 


Sodium citrate 

Sodium benzoate 

Sodium succinate 

Sodium acetate 
Sodium propionate 

Sodium pyruvate 

Sodium lactate 


Sodium oxalate ) 
Sodium tartrate i 
Calcium malate 


The stains used were Ziehl-Nielsen with 3 per 
cent HCL in 70 per cent alcohol (AAR); and Ziehl-[ 
Nielsen with 10 per cent H.SO, (AR). ; 

Stock cultures were transferred to Léwenstein- 
Jensen medium, incubated at 37°C., observed ar 


»CCH strains isolated from patients in Cook} 
County Hospital. 
6P & M strain supplied by Drs. Prissick and 
Masson, McGill University, Montreal, Quebec | 
Canada. 
7 Manufactured by Difeo Manufacturing Com- 
pany. 


§ Koser, 8. A.: J. Bact., 1924, 9, 59. 
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TABLE 1 
CULTURAL CHARACTERISTICS 
x Penassay Glycerol 
Group Léwenstein-Jensen AAR | AR 
= | R° | 37° | Light R° | Dark 37° 
I. A. M. fortuitum White moist + + I I White White 
WU. smegmatis White/buff, dry +i +/- I T | White White 
moist 
B. M. balnei White/yellow dry W + — | T | T | Yellow | White 
VW. marinum White/yellow dry | T | T | Yellow | White 
VW. platypoecilus White/yellow dry wi | T | Yellow | White 
C. 1. M. phlei Yellow dry/moist +{|+)|}—| T | T | Orange | Yellow 
2. M. thamnopheos Pink, dry/no growth | w +|—/|T | O | Pink 0 
VW. rhodochrous Pink/red, dry w iw — | T | T | Red Orange 
3. N. asteroides Yellow, glabrous/dry | w | 4 + TT | T | Yellow | Yellow 
N. brasiliensis Yellow, glabrous/dry | w + + TT | Yellow | Yellow 
Il. A. M. tuberculosis White, dry +i 0 
VW. paratuberculosis Rare, if any + | + 0 0 
VW. avium White, dry + + - 0 B | White White 
VW. bovis White mucoid +{/+;-/0 B | White White 
VW. intracellularis White, mucoid t+i+;-|0 B | White White 
B. M. kansasii White/yellow, dry +/+/;-—/0 B | Yellow | White 
C. M. marianum Orange, dry + +|-—|0 B | Orange | Yellow 
VW. scrofulaceum Orange, mucoid +|+)})—/|)0 | B | Orange | Yellow 
VW. paraffinicum Orange, mucoid 0 | B |} Orange | Yellow 


more than 50° stained, usually 80° to 100% 


Stains: + = 

w = less than 50° stained, usually less than 25% 

Penassay: T = surface growth which occurred in 1 to 5 days 
B = 


— = negative for characteristic; 0 = 


rate and character of growth, and for pigment 
production in the dark and after exposure to 
strong light. Stains were made for acid-alcohol 
resistance and for acid resistance from the Léwen- 
stein-Jensen cultures; rapidly growing organisms 
were stained after ten days’ growth, the slowly 
growing organisms at three weeks. 

From the Léwenstein-Jensen medium, transfers 
were made to Penassay medium in duplicate and 
were incubated at 20° and 37°C. for observation 
of rate and type of growth. Transfers were also 
made to glycerol agar in triplicate, one incubated 
at room temperature in strong light, the second 
at room temperature in the dark, and the third at 
37°C. in the dark (both tubes for dark incubation 
were protected by heavy paper) for determination 
of pigment production. 

Transfers were made from Penassay to blood, 
EMB, CM, and Litt agar and were incubated at 
37°C. for further characteristics. 

Growth from a 37°C. glycerol agar slant was 
used as inoculum for the series of 10 organic acid 
agars which were incubated at 37°C. 

Because of the slow growth rate of some of these 
organisms, Léwenstein-Jensen, Penassay, glyc- 
erol, and organic acid utilization media were 


growth on bottom of tube, sparse, requiring more than 10 days 
no growth 


prepared in serew-capped tubes. Blood, EMB, 
CM, and Litt agars were plated in Petri dishes 
and sealed with wide rubber bands to reduce 
evaporation. The primary temperature used for 
all was 37°C. Reactions were recorded 
they occurred, with all negative tests held for 
thirty days. 


tests as 


As shown in tables 1 and 2, Group J ineludes 10 
species which grew rapidly at 37° or 20°C. on many 
media. All produced surface growth on Penassay 
medium in one to five days. The 10 species sepa- 
rated into three subgroups on the basis of pigmen- 
tation in the light and dark. All Group I species 
utilized many of the organic acids tested. Group 


I-A, 


9-12 


nonchromogenic, included fortuitum 


® Cruz, J. C.: Aeta med. (Rio de J.), 1938, 1 
297. 

10 Gorpvon, R. 
1955, 69, 502. 

1! A. Q., ef al.: Am. Rev. Tuberc., 1955, 
72, 53. 

12 KusHNER, D. 
1957, 76, 108. 


E., AND Smirn, M. M.: J. Bact., 


et al.: Am. Rev. Tuberc., 


‘ 
27 
776 
15 
_ 
| 
I 
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TABLE 2 
CuLTURAL CHARACTERISTICS 


Blood EMB CM 


Group 


Organic Acid Utilization 


Litt 


2 Lac Cit- Oxa- | Tar 
= tate | rate late (trate = 
< 
I. A. M. fortuitum Moist Moist Moist Moist + + + 
WV. smeqmatis Drv Drv Drv Dry 4 4 4 4 4 4 4 4 4 4 
B. M. balnei Dry Dry Dry 0 + + + + + + + + = 
WV. marinum Moist Drv Drv Dry + + + + + + — _ - 
V platypoecilus Moist Dry Drv 0 +4 4 + 4 4 4 4 - - 
( 1 WV phlei Drv Drv Drv Dry + + + + + + + - 
2. VM. thamno 
pheos Dry Dry Dry 0 + + + + + + + _ - 
VW. rhodo 
chrous Dry Dry Dry 0 + } 4 4 4 } 4 = 4 
3. N. asteroides Chalk) Dry Chalk 0 + + + + + + - 
\ hrasilien 
sis Dry Dry Chalk 0 + + + + + 
Il. A. M. tuberculosis 0 0 0 0 _ 
VW. paratubercu 
losis 0 0 0 0 - - - 
VW. avium Dry 0 0 0 + - 
V. bovis Moist 0 0 0 + - + + + - 
V ntracellu 
aris Moist 0 0 0 + + : 
B. M. kansasii Moist Moist) Dry 0 + 4 
C. M. marianum Dry Dry Dry 0 - 
V. scrofulaceum Moist Moist Moist 0 + + + + - + — — 
WV. paraffinicum Dry Moist Dry 0 + + + 
0 no growth 
utilization of salt as evidenced by alkaline reaction 
no utilization 
and VM. smeqmatis.“ Since each of these organisms the light. Cultures maintained at 37°C. seem to 


can occur in either rough or smooth stages, final 
identification must be based on further taxonomic 
I-B, 
included three named species which cannot 
this On 


characteristies Group photochromogenic, 


be 


separated by schema. Lowenstein 


Jensen medium, well isolated colonies of these 


bacilli become pigmented after brief exposure to 
room tem 


strong light. Cultures maintained at 


perature on glycerol agar are pigmented when 
grown in the light. Cultures grown in the dark at 
room temperature lose their pigmentation, but 
this can be recovered by subsequent culture in 


Gorvon, R. E., aNp Smiru, M. M.: J. Baet 
1053, 1 

LINELL, F., Norpen, A Acta 
1954, 33 (Supplement, p. 1.) 
D).: J. Infeet. Dis., 1926, 39, 


AND Haaan, W. A.: J 


tubere 
scandinay 
(ronson, J 
J. A.., 
1942, 70, 248 


315 
Infect 
Dis., 


lose the ability to produce pigment permanently 
even when exposed to light. Despite the fact that 
these species originated from low 
luxuriantly at 


temperature 
sources, the stock cultures grew 
37°C 
in patient material. Group I-C includes three 
varieties of scotochromogenic species. 

(1) M. phlei? occurs predominantly in a rough 
form but may appear in a smooth, creamy phase 
agar. Both 


rough and smooth forms were dry and yellow on 


on Léwenstein-Jensen or glycerol 
the other three solid media. 

(2) M. thamnopheos" is consistently pink in 
color, but fails to persist at 37°C. on any substrate 


rhodochrous’® may be orange when grown in 


E.: J. Infeet. Dis., 1929, 44, 215 


17 ARONSON, J. 5 
J. M.: J. Bact., 


18 GjorpoN, R. E., 


1957, 73, 15. 


and the species conceivably could be found ; 
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the dark, but ranges from pink to brick-red after 
exposure to light. 

and N, 
separated from the mycobacteria by their branch- 


3) N. asteroides'® brasiliensis'’® are 


ing and from each other by further taxonomic 
characteristics.?° 

Group IT ineludes seven species which grew 
on 


slowly (required more than ten days) at 37°C. 


Liwenstein-Jensen medium. All species except 
V. tuberculosis also grew on glycerol agar at room 
temperature and utilized the acetate salt agar. 
Group II-A, 
,* WV paratube rculosis,2" M. 
bovis," and M. M. 


grew only on Léwenstein-Jensen medium in thirty 


nonchromogenic, includes M. tuber 
avium, M. 
intracellularis.2? tuberculosis 


days at 37°C. and on none at room temperature. 
V. paratuberculosis grew on none of the media as 
WV. avium, M. 
and M. tintracellularis all grew on Léwen 
both 


temperatures, differentiating them from M. tuber 


no M. phlei cells were included. 
bovis, 
stein-Jensen, glycerol, and blood agar at 
culosis. M. avium grew in a rough, dry form, while 
V. bovis and M. intracellularis produced moist, 
creamy colonies. Group II-B, photochromogenic, 
The production of 


23-24 


includes only M. kansasii.? 


pigment occurred equally well on Léwenstein 


Jensen medium at 37°C. or on glycerol agar at 
room temperature. Group II-C, seotochromogenic, 
includes three species poorly differentiated by 
this schema but grossly different on Léwenstein 
Jensen medium. M. 


dull, 


rofulaceum?®. 27 


marianum® was consistently 
spreading in character; M. 
moist and shiny; and M. 
dull, All 


were orange and mucoid on gly- 


dry, and 


was 


parafinicum™® formed muist colonies. 
three species 
cerol agar. 

* 


The schema presented is of value only as a work- 
ing procedure, preliminary to specific taxonomic 


'§GONZALEZ Ocnoa, A.: Rev. Inst. salub. y 
enferm. trop., 1945, 6, 155. 

*°Gorpon, R. E., anp Mium, J. M.: J. Gen. 
Mierobiol., 1959, 20, 129. 


*! BerGey et al.: Bergey’s Manual of Determina- 
tive Bacteriology, ed. 7, Williams & Wilkins Com- 
pany, 1957, p. 701. 

2 Cuttino, J. T., 
Path., 1949, 25, 1. 

* A., AND BUHLER, V. 
Tubere., 1955, 71, 74. 

* Haupuroy, P.: Derniers Aspects du Monde 
des Mycobacteries, Masson et Cie, Paris, 1955, p. 


anp McCase, A. M.: Am. J. 


B.: Am. Rev. 


MarRIE-SuZANNE AND PeEnso, G.: Rias- 
sunti d. Communicazioni VI Congress Internaz. 
d. Microbiol., Roma, 1953, 2, 382. 


*6 Prissick, F. H., anp Masson, A. M.: Canad. 


J. Pub. Health, 1952, 43, 34. 
7 Prissick, F. H., anp Masson, A. M.: Canad. 
J. Miecrobiol., 1957, 3, 91. 


* Davis, J. B., et al.: Appl. Mierobiol., 1956, 4, 
310. 
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identification. Since the media (with the exception 
of the organic acid utilization agar) are available 
in dehydrated form and can be stored in prepared 
form, the system is feasible for the routine labora 
tory. The primary separation in broth between 
rapidly and slowly growing organisms is usually 
obvious in five days or less, and further procedures 
can be instituted promptly for the rapidly growing 
isolates. The remainder can then be followed as 
characteristics indicate. 

The frequency with which acid-fast bacilli 
which are not typical of M. tuberculosis are iso- 
lated from the specimens submitted to the general 
hospital laboratory has emphasized the need for 
Only 
specific identification of these isolates can be made 


methods for their identification. when 


will clinical correlations indicate which species 


deserve attention in human disease and which 
may be safely ignored. Besides the classical M. 


tuberculosis-induced disease, M. M. intra 
30 M. scrofulaceum,?*: 


MM. 


have 


cellularis,2? M. kansasii,* 


WV. marianum," M. fortuitum,® balnei ,'* 
N. asteroides,* N. all 


described in clinical literature as etiologic agents 


brasiliensis™ been 
of disease in human beings. However, with presen! 
knowledge it is difficult, if not impossible, to make 
positive identification of many of the fresh isolates 
because of the dearth of comparative data. It is 
hoped the current study will serve as a basis for 
intensive investigation of these related groups. 
In summary: A working schema based on a 
comparative study of the cultural and biochemical 
characteristics of seventeen named Mycobacterium 
and Nocardia species is presented. The schema 
permits the grouping of unidentified acid-fast 
isolates as a preliminary step toward specific 


identification. 
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29 HepvALL, E.: Acta med. seandinav., 1942, 
135 (Supplement, p. 5). 
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FIBRIN-CLOT CULTURE TECHNIQUE FOR ISOLATION OF TUBERCLE 
BACILLI FROM PLEURAL EXUDATES 


\ previous issue of this journal contained a 
paper on pleural biopsy in the diagnosis of effu 
' The writers state that cultural isolation of 


mycobacteria is not very successful and, in fact, 


the results reported are very poor. From 14 cases 
of primary pleurisy in which tuberculous origin of 
the disease was confirmed by histologic investiga 
tions of biopsy specimens, only 9 cases could be 
correctly diagnosed on the basis of bacteriologie 
examination 

Similar experience in pleural biopsy is men 
Mestitz,? who had been able to make a 
101 of 


From 70 cases in which the diagnosis of 


tioned by 
correct diagnosis in 152 cases of pleural 
efiusion 
tuberculosis was established by histologic exam 
ination of biopsy specimens, positive pleural -fluid 


No details 


are given in either of these papers concerning the 


culture was obtained in only 25 cases 


laboratory technique used for inoculation of 
pleural fluids 

The poor yield of positive cultures from pleural 
exudates, when clinical symptoms prove the tu 
bereulous origin of the disease, is well known and 
has contributed greatly to the diagnosis of the so 
ealled pleuritis exudativa idiopathica in which 


eould 


lack of proper diagnostic measures. 


tuberculosis not be diagnosed because of 
By introduc 
ing the technique of pleural biopsy, the possibili- 
ties of making a correct diagnosis have increased 
considerably. There is some danger, however, that 
the conclusions drawn by the above writers will 
perhaps mislead the readers, who may be inclined 
to believe, after reading the papers, that cultural 
diagnosis of pleural effusion can hardly contribute 
much toward a clarification of the diagnosis of 
exudative pleurisy. 

The writer’s experience, however, has not been 
in agreement with this position. everyone engaged 
in the culture of tubercle bacilli from pleural fluid 
knows that the ordinary bacteriologie technique 
for the demonstration of tubercle bacilli, consist 
ing in the inoculation of a few milliliters of patho 
logic fluid treated with NaOH, HCl, ammonium 
compounds, et cetera, is not 


quaternary very 


useful, as the number of tubercle bacilli in clear 


serum or serofibrinous effusions is usually very 
small. In addition, many tubercle bacilli are de- 
at least, 


stroved by treatment with chemicals or, 


their viability is damaged to such an extent that 


'Hinw, H. E., et al.: Am. Rev. Tubere., 


1958 
78,8 
2 Mesrirz, P.: Lancet, 1958, 2, 529. 
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they do not grow in culture or do not multiply in 
guinea pigs. Thus, the conditions for obtaining 


good results in cultural isolation of tubercle bacilli * 


from pleural effusions are to inoculate a great 
amount of the fluid and to avoid any preliminar 
treatment of the specimens before inoculation 
Unfortunately, the ordinary techniques in use 
mostly employing various egg media, are not very 
effective in this respect as they do not allow direet 
cultivation of large amounts of exudate. There 
fore, only liquid media are suitable. 


A reliable technique using liquid ascitic medium 
was developed some years ago.*: * This technique 
has now been simplified by omitting ascitic fluid 
and using a synthetic liquid medium of the follow 


Ing composition: 


NasHPO, 2.5 gm. 
KH.PO, 1.5 gm. 
Sodium citrate neu 1.5 gm 
tral 
MgSO, 0.5 gm. 
Enzymatic digest of 5.0 gm. 
caseine (Casitone, 
Difco) 
Glycerin 25.0 ml. 
Ferriammonium cit 0.05 gm. 
trate 
Malachite green 1 ml. (0.2°% solution 
Distilled water 1,000 ml. 


Medium in 80, 160, and 800 ml. amounts is placed 
in Erlenmeyer flasks of appropriate size, and after 
autoclaving and cooling, the medium is ready for 
inoculation. 

Two different 
be used: 

Inoculation is made directly at the bed of the 
patient in whom thoracentesis has been done with 
a syringe and 2 to 3 times 20, 40, and 200 ml., et 
cetera, of the pleural fluid have been evacuated 
under strictly sterile conditions. The p.eural fluid 
is immediately injected into two or three Erlen- 
meyer flasks containing 80, 160, and 800 ml. of 
the liquid medium and, after some time, fibril 
clots are formed in which almost all tubercle bacilli 
are accumulated. 

As the primary tuberculous exudates usually do 
not contain contaminating bacterial flora, the pre- 
treatment of the exudates before inoculation is 
necessary. 


techniques of inoculation cal 


not 


Suna, L.: Schweiz. Ztschr. allg. Path., 194%, 
10, 125. 
'Suxa, L.: Pub. Health Rep., 1948, 63, 867. 
5Can be replaced by Protolysate® (Mead & 
Johnson, Evansville, Indiana) or other prepara- 
tions of enzymatic digest of casein. 
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Fig. 1 (Left). Fibrin-clot culture of M. tuberculosis grown in liquid medium which has been inocu- 
lated with pleural exudate containing a large number of tubercle bacilli. All tubercle bacilli are concen- 


trated in the fibrin clots. (<5) 


Fig. 2 (Right). Fibrin-clot culture of M. tuberculosis grown in liquid medium which has been inocu- 


lated with pleural exudate containing few tubercle bacilli. (7.5) 


If, for some reason, inoculation of the exudate 
cannot be made at the bed of the patient, the 
exudate is transferred to Erlenmeyer flasks which 
are sent to the laboratory. If, after receipt at the 
laboratory, no clot formation has occurred, the 
flasks are placed in the incubator for twenty- 
four hours. Afterward, the flasks are shaken gently 
to remove the fibrin clots sticking to the walls of 
the vessel; a long sterile glass rod may be used 
if the clots cannot be removed by shaking. The 
free exudate is poured out and the Erlenmeyer 
flasks with the remaining fibrin clots are filled 
with an appropriate amount of liquid medium. 
the risk of contamination 
the bedside inoculation technique is preferable 


Because of great 


whenever possible 


inoculated with exudate or fibrin 


The flasks 
clots are closed with cotton stoppers and placed 
in the incubator. Characteristic colonies of tuber 


‘le bacilli will appear in the fibrin clots after 


fourteen to twenty days (figures 1 and 2). If a 
special technique using the potassium tellurite 
test® is applied, submiliary colonies discolored 
black by reduced metallic tellur can be clearly 
seen against the white background formed by 
fibrin fibers even eight to ten days after inocula- 
tion. 

The colonies grow directly inside the fibrin fi- 
bers. This clearly demonstrates the accumulation 
of tubercle bacilli in fibrin clots. 

The importance of using large 
pleural fluid for obtaining positive culture results 


amounts of 


is clearly evident from experiments carried out 
with various amounts of cultivated fluid. In two 
cases in which 250 ml. of exudate were inoculated, 
20 colonies were counted in one instance, 54 in the 
other. If 25 ml. of exudate had been used instead 


1947, 56, 241. 


L.: Am. Rev. Tuberce., 


Bas 
x Se 
° 


140) 


of 250 ml., onlv 2 to 5 colonies would have been 


found, assuming an even distribution of tubercle 
bacilli. Reducing the amount of exudate to 10 ml. 
vould in both eases have given a negative result. 

\ similar technique has been used by Ives and 


They 


with 


have made a 
pig 
Lowenstein-Jensen 


MeCormick’ with good results 
the 

culture 
that 
greatly superior results as it permits handling of 
fluid, 


practicable for routine use 


comparison of technique guinea 


inoculation and on 


medium and found liquid medium gives 


large quantities of and therefore proves 
Good results have also been obtained with this 


technique by Packalén. 


Ives, J.C. J 
Path 1956. 9. 


Personal 


McCormick, W.: J. Clin. 
177 
communication from Professor T 
Municipal Bacteriological Laboratory, 
Stockholm, Sweden 


Packalén 


NOTES 


In summary: Isolation of tuberele bacilli from 


pleural effusions is a reliable diagnostic measure 
provided that a proper cultivation technique is 
applied. This technique is based on the use of a 
simple synthetic liquid medium which permits 
fluids, 


culture. 


cultivation of large quantities of either 


directly or as a fibrin-clot These are 


usually sterile and therefore no preliminary treat 
ment with NaOH, HCl, or ammonium quaternary 
compounds, which are very detrimental to the 
tubercle bacilli, is 


eultivability of necessary 


as well as direct 


Large amounts of exudates, 
inoculation of these, are essential for obtaining a 


positive result of the culture. 


L. Sua 
WHO Tuberculosis Research Office 


( ‘ope nhagen, Denmark 


March 6. 1959 
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THE INNOCUOUSNESS AND POSSIBLE THERAPEUTIC USE OF AEROSOL 
AMPHOTERICIN-B 


Parenterally administered amphotericin-B' has 
an appreciable toxicity as chronicled by numerous 
investigators.2> Common symptoms include fever, 
chills, headache, nausea, vomiting, and azotemia; 
but drowsiness, flushing, anxiety, dizziness, 
vestibular disturbances, and abdominal pain have 
also been observed. Generalized convulsions, 
apnea, and cardiac standstill® have followed inad 
vertently rapid intravenous administration of the 
drug. These systemic reactions, plus pain and 
thrombophlebitis at the infusion site, have stimu- 
lated a search for a less toxic and easier route for 
Unfortunately, oral dosage with 


has failed to produce 


administration. 
amphotericin-B generally 
effective serum concentrations or clinical re- 
sponses. The successful employment of broncho- 
dilators and penicillin by aerosol in diseases of the 
lung has suggested that amphotericin-B might be 
given by aerosol to treat intrapulmonary fungal 


infections 


Varied concentrations of amphotericin-B were 
administered to 8 mongrel dogs for periods of five 
to fourteen days. Amphotericin-B concentrations 
in the blood were bioassayed using a standard 
inoculum of Candida (Squibb strain 
¥ 1539) which was inhibited by 0.078 y per ml. and 
was resistant to 0.039 y per ml. Serum urea nitro- 
gen concentrations were measured during the 
period of administration. Bronchoscopy was per- 
formed on animals periodically while they were 
receiving the drug. These animals were observed 
for cough, coryza, loss of appetite, or peculiarities 
of behavior during the treatment period. 

A preliminary pair of animals were not anes- 
thetized, and received amphotericin-B via trache- 
ostomies which were maintained for one week. 
Thereafter, intravenous thiopental (Pentothal*) 
anesthesia was used for administration of the drug 
and for bronchoscopy. All animals coughed and 


albicans 


‘The amphotericin-B used in this investigation 
was made available as Fungizone from the Medical 
Division of the Squibb Institute for Medical Re 
search, E. R. Squibb and Sons, Division of Olin 
Mathieson Chemical Corp., New Brunswick, New 
by the of Dr. John T. Groel, 
associate medical director. 

?>Goxtp, W., ef al.: in Antibiotics Annual 1955 
1956, Medical Eneyelopedia, Inc., New York, 1956, 


p. 579. 


Jersey, courtesy 


Lirtman, M. L., ef al.: Am. J. Med., 1958 
24, 568. 

*Seapury, J. H., anp Dascomp, H. E.: Arch. 
Int. Med., 1958, 102, 960. 

Frrzpatrrick, M. J., ef al.: Ann. Int. Med., 


1958, 49, 249 
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salivated during administration of the drug; but 
this quickly subsided and was attributed to me- 
chanical irritation of the respiratory epithelium 
by foreign material, as this reaction was observed 
to occur with water alone. Amphotericin-B doses 
ranged from 1 to 5 mg. per kg. per day, adminis- 
tered as a single dose of 1 to 5 mg. per ml. of dis 
tilled water, or 5 per cent dextrose solution in dis- 
tilled water. The suspension of the drug was 
atomized into the trachea during inspiration either 
through the mouth along a laryngoscope or via a 
tracheostomy tube. There were no differences in 
local or systemic reactions between the two 
methods of administration 


Obviously, the concentrations of amphoteri- 
cin-B attained in the lung tissue are the only 
critical assessment of adequate dosage. Such data 
were not determined in this study, nor have they 
been obtained in previous studies. Instead, the 
blood concentrations of amphotericin-B which 
have appeared to correlate in man with the clini 
eal efficacy of the drug* were measured by bio- 
No amphotericin-B in 
sufficient quantity 
(Squibb strain #1539), not even samples drawn 
mg. 


assay. sera contained 


to inhibit Candida albicans 


one to four hours after administration of 5 
per kg. of body weight for five days, or 1 mg. per 
kg. for fourteen days. Blood urea nitrogen values, 
often a useful rough gauge of continued effective 
drug concentrations in man, also failed to rise 
after daily administration of the drug for one to 
two weeks. 

Clinical observation of the treated dogs often 
revealed a coryza-like condition after several days 
of drug administration. This cleared in all dogs 
after two to three days without intratracheal drug 
administration. Bronchoscopy was performed on 
all dogs prior to the administration of the drug 
and at intervals thereafter. Moderate edema of the 
larynx and vocal chords was observed, but could 
be attributed to the daily instrumentation, 
edema was not observed in the tracheostomized 
animals. There was slight reddening of the trachea 
in all dogs after three or more days of treatment; 


as 


but mucous plugs in bronchi, excessive secretions, 
or edema of the bronchi or trachea were not ob- 
served. 

Following the successful administration of am- 
photericin-B by aerosol to dogs, a patient with the 
diagnosis of endobronchial histoplasmosis was be- 
gun on 1 mg. per kg. per day of the drug adminis- 
tered by nebulizer. The amphotericin-B concen- 
tration was 5 mg. per ml. in distilled water. The 
first few breaths of the nebulized material pro- 


; 
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duced cough and sputum production, but there- 
after there was no discomfort. Dosage was split 
into two periods of administration per day. Al- 
though the therapeutic result after sixty days of 
administration was equivocal, this experience sug- 
the 
administered to man by aerosol. 

should be the minimal 
effective concentration of amphotericin-B in lung 


gested innocuousness of amphotericin-B 


Attention directed to 
tissue required to inhibit or eradicate fungal in- 
fection. Without these data, it can only be specu- 
lated that adequate concentrations in the lung 
tissue may be obtained by aerosol administration 
of this drug without producing detectable quanti- 
ties in the blood. 

In summary: Amphotericin-B has been ad- 
ministered as an aerosol to 8 dogs, to 6 with and 2 


without anesthesia, and to one human patient. 


NOTES 


The 


cough, salivation, expectoration, and transient 


physical irritation commonly 


produce 


coryza. There have been no persistent ill effects 
In dogs, amphotericin-B was not detectable in the 
blood even after 5 mg. per kg. per day for fiv: 
days, and azotemia did not develop. However, th 
aerosol administration of amphotericin-B appears 
practicable and should be considered for pulmo 
nary fungal disease, particularly when endobron 


chial involvement is suspected. 


Kaye H. 
U.S. Army Medical Research and Nutrition 
Laboratory 
Fitzsimons Army Hospital 
Denver, Colorado 


March 23, 1959 
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A FACTOR IN SERUM ALBUMIN WHICH PREVENTS THE INHIBITION OF 
PROPAGATION OF D-29 MYCOBACTERIOPHAGE BY TWEEN®! 


The writers have recently reported that sorbi- 
tan monooleate (Tween” 80) prevented the propa- 
gation of D-29 mycobacteriophage with strains of 
human tubercle bacilli and with the saprophyte, 
Mycobacterium ATCC 607. It was also shown that 
serum opposed this action of Tween.? Subse- 
quently, confirmation has been obtained of an 
earlier impression that the interaction of Tween 
and serum with respect to their effects on phage 
propagation is stoichiometric, and finally it was 
discovered that the anti-Tween factor is contained 
in an albumin fraction of serum. A description of 
these studies is the purpose of the present report. 


Preparation of the medium with Tween, propa- 
gation of D-29 phage, enumeration of plaques, the 


TABLE 1 
PLraque Counts AFTER INCUBATION oF 
PHAGE AND M. TuBercuLosts H37Rv 1n Liquip 
MepiuM witH TWEEN 80 AND SERUM 


Per Cent Tween 


Per Cent Serum 


0 0.005 0.01 0.02 0.04 0.08 

0.0 108 108 10! 0 0 0 
1.0 10° 10° | 10? 10! 0 

8.0 10° | 10° | 10° | 10° | 10! 

16.0 | 108 | 108 | 10° 10? 


Initial phage concentration 10? plaques per ml. 


method of incubation of serum with trypsin, and 
the preparation of serum albumin and other frac- 
tions by ammonium sulfate precipitation were 
described previously.* It was also noted in that 
report that optimal propagation of phage in 
liquid Dubos medium required the addition of 
0.001 moles per liter of calcium chloride. 

Demonstration of the anti-Tween action of 
whole serum when tubercle bacilli were used as 
propagating strains required the inactivation of a 
component in the globulin fraction of fresh serum 
which prevents propagation of D-29 with human 
tubercle bacilli. This was effected by treating fresh 
serum with trypsin or by using stored, pooled, 
seitzed, sero-negative serum, which was found not 
to contain this globulin factor.* 


‘This study was supported by grants from the 
American Trudeau Society and the Tennessee 
County Tuberculosis Association. 

Wuirs, A., AND Kniaut, V.: Am. Rev. Tuberc., 
1958, 77, 134. 

*Wuire, A., Knicnut, V.: Am. Rev. Resp., 
Dis., 1959, 80, 12. 


In preparations containing graded concentra- 
tions of Tween and serum (pooled, stored, seitzed, 
sero-negative), propagation of phage took place in 
tests without Tween or with 0.005 per cent Tween 
and no serum. With increasing concentration of 
Tween above 0.005 per cent, propagation occurred 
only when increasing amounts of serum were also 
added (table 1), thus exhibiting a proportionality 
of effect of the two constituents. 

When graded concentrations of serum albumin 
fraction or fresh serum previously treated with 
trypsin were added to a medium containing 0.05 
per cent Tween, D-29 phage, and the human tu- 


berculosis strain H37Rv, propagation occurred 


TABLE 2 
Errect oF TRYPSINIZED SERUM AND OF A SERUM 
ALBUMIN FRACTION ON THE PROPAGATION OF 
MYcOBACTERIOPHAGE [D-29 on M. TuBER- 
cuLosts H37Rv 1n a Mepium 0.05 Per 
Cent TWEEN 80 


Plaques per Ml. 


Per Cent Serum 
Preparation 
Serum Fraction 


Trypsinized Serum i 
ypsinized Seru (Albumin) 


40.0 2.1 X 10 1.7 X 108 
20.0 1.7 X 10 1.4 X 105 
10.0 3.2 X 105 1.5 X 105 
5.0 1.2 X 10° 1.7 X 108 
2.5 1.1 X 10! 1.3 X 10! 
1.25 1.1 X 10! 1.0 X 10? 
0.625 0 9.0 X 10! 


Initial phage concentration 4.2 X 10° plaques 
per Ml. 


only in tests with 5 per cent or more of the albumin 
fraction or with 10 per cent or more of serum 
treated with trypsin (table 2). Thus, these ma- 
terials exhibited approximately the same anti- 
Tween activity as the serum described in table 1. 

In 0.05 per cent Tween medium without D-29, 
growth of H37Rv was clumped if either 5 per cent 
or more of the albumin fraction or 10 per cent or 
more of trypsinized serum was also added; with 
less than these amounts of serum preparations, 


growth was dispersed. 
* * 
Several effects of Tween on biologic systems 
containing tubercle bacilli have been described. It 
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causes dispersed growth of these organisms‘ and 
enhances the activity of penicillin and subtilin 
against them.® It prevents mycobacteriophage 
propagation, probably because of failure of ad 
sorption of phage on bacterial cells growing in a 
dispersed state. Finally, serum through the action 
of a component contained in the albumin fraction, 
can prevent some and quite possibly all of these 


actions of Tween.*: ® 


Dusos, R. J., ano Davis, B. D.: J. Exper 
Med., 1946, 83, 409. 

Kirpy, W. M. M., ann Dwusos, R. J.: Proc. 
soc Exper Biol. & Med., 1947, 66, 120 

Knicut, V., Tompsett, R.: Proc. Soc. 
Exper. Biol. & Med., 1950, 73, 55. 


NOTES 


In 


cally with the inhibitory action of Tween on D-2 


summary: Serum interferes stoichiometri 
mycobacteriophage propagation with M. tubercu 
losis H37Rv, probably by directly inactivating the 
growth-dispersing action of the surfactant. 

This anti-Tween factor is contained in the al- 
bumin fraction of the serum. 


A. C. Waite 
V. 
George Hunter Laboratory 
Department of Medicine 
Vanderbilt University School of Medicine 
Nashville , Tennessee 


May 4, 1959 
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PANCREAS VERSUS OMENTUM IN EXPERIMENTAL 


TUBERCULOSIS 


To the Editor of the American Review of Tubercu- 


losis and Pulmonary Diseases: 


In the November, 1958, number of the AMERICAN 


Review or TUBERCULOSIS AND PULMONARY 
DISEASES, page 794, appeared a Note by Charles 
D. Brown entitled, ‘“‘The Pancreas in Experi 
Guinea Pig Inoculation via 
Route.”’ In this Note the 


“Guinea pigs inocu 


mental Tuberculosis: 
the Intraperitoneal 
conclusion was reached that 
lated intraperitoneally with virulent M. tubercu 
losis developed extensive destructive tuberculosis 
of the pancreas.”’ 

Because of many years of experience with the 
intraperitoneal route of inoculating guinea pigs, 
it seemed probable to the present writer that an 
interpreting the histopathology had 
the diseased omentum had 


error in 
been made and that 
been confused with pancreas. In response to a 
request, Charles D. Brown kindly sent me histo 
logie sections made from the tissues of guinea 
pigs sacrificed at four different intervals following 
the intraperitoneal inoculation of tubercle bacilli. 
\ brief examination of the slides confirmed my 
original impression that an error had been made. 
Therefore, I took the liberty of carefully reviewing 
the original article and the slides with Dr. W. L. 
Brosius who, for many years, was pathologist at 
Herman Kiefer (Detroit Municipal) Tuberculosis 
Hospital. He and I agree completely on the fol- 


lowing points: 


1. Slide 1880-56 (24 hours), from which ap- 
parently figure 2D of the article was made, 
does not show necrosis. There is merely some 
fatty change in otherwise normal pancreatic 
tissue. 

2. Slides from the other three animals, 
sacrificed at fourteen, eighteen, and nineteen 
days post infection, all show a bit of pancre- 
atic tissue at the side of the granulomatous 
mass. The pancreatic tissue in each case is 
normal except for some fatty change. In all 
three instances the large mass of tuberculous 
granulation tissue in the slide is made up of 
omentum, matted together in the fashion 
which is characteristic of this structure fol- 
lowing the intraperitoneal inoculation of a 
large dose of tubercle bacilli. No pancreatic 
tissue is present in the granuloma. The same 
sort of lesion of the omentum occurs in man 
in many cases of tuberculous peritonitis. 

3. All four of the illustrations in figure 3 
in the article show granuloma of the omen- 
tum and no pancreas. 
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Dr. Brosius and I believe that this published 
error should not be allowed to stand uncorrected. 
A considerable amount of work has been reported 
on changes in the omentum which eventuate in a 
granulomatous mass following the intraperitoneal 
inoculation of tubercle bacilli in the guinea pig. 
For example, increase in weight of the omentum 
has been established as an index of the relative 
virulence of mycobacteria (Acta tubere. scandi- 
nav., 1958, 36, 205) and as an index of the effective 
ness of antimicrobials in the treatment of guinea 
pigs after intraperitoneal infection with tubercle 
bacilli (Am. Rev. Tubere., 1953, 68, 583). If Mr. 
Brown’s report the correct, 
then all of the other work indicating that the 
omentum forms the granuloma is wrong. 

a study of this problem, 


about pancreas is 


Many years ago, in 
guinea pigs were sacrificed at hourly and then 
daily intervals following the intraperitoneal 
inoculation of tubercle bacilli (Am. J. Path., 1934, 
10, 739). In this study the omentum was teased 
out on a slide and stained directly, using the 
Ziehl-Neelsen technique. To one who has followed 
such a sequence there can be no doubt of what 
tissue is responsible for forming the granuloma 
tous mass. 

C. EvGENE WooprvuFrr 
Wm. H. Maybury Sanatorium (Detroit Municipal 
Tuberculosis Sanatorium) 

Northville, Michigan 

March 2, 1959 


REHABILITATION AND OCCUPATIONAL THERAPY 
IN TUBERCULOSIS HOSPITALS 


To the Editor of the American Review of Tubercu- 


losis and Pulmonary Diseases: 


In the May, 1959 issue of Tue AMERICAN REVIEW 
or TuBercuLosts, Dr. Albert R. Allen, in com- 
menting upon rehabilitation and occupational 
therapy in tuberculosis hospitals, concludes ‘‘that 
the taxpayer is getting a very poor return from 
the dollar spent on rehabilitation and occupa- 
tional therapy in tuberculosis institutions.’’ This 
statement certainly does not apply to well-planned 
and efficiently executed programs of rehabilitation 
for patients with tuberculosis in our hospitals 
today. 

It is true, as Dr. Allen says, that many of the 
patients successfully treated with chemotherapy 
can return to their former occupations with but 
little concern for the physical activities involved. 
He is correct, also, in pointing out that the aver 
age age of our patients is increasing and these 


Correspondence 
| 
| 
| 
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older persons are less amenable to vocational 


training. However, age and the knowledge that 
the patient has had tuberculosis not infrequently 
are obstacles to finding a job or going back to a 
that these 
do not need vocational training. Yet rehabilita 


former occupation. I agree persons 
tion services in the form of simple job placement 
and follow-up can be very helpful in these situa- 
tions and are frequently indicated. 

Reactivation of tuberculosis is not merely ‘“‘due 
to just one thing: the presence of viable, virulent 
tubercle bacilli in tissue into which the drugs 
cannot penetrate.’’ That oversimplified concept 
does not explain why one person ‘relapses’? and 
another, with similar residual tuberculosis, con- 
There 


stances that cannot be ignored as possible factors 


tinues to remain well are certain circum- 
which might contribute to relapse of pulmonary 
tuberculosis. Really strenuous labor, respiratory 
irritants such as some fumes and dusts, and con 


stant exposure to unfavorable weather are ex- 
amples. Even extensive residual disease, by itself, 
may carry an uncertain prognosis. Whenever such 
a situation exists for a vounger individual who 
but had the 


tunity to acquire a special skill, it makes good 


has good abilities has not oppor 


economically to provide 
of the 


money has already been spent to get 


sense medically and 


vocational training. A sizable amount 
taxpayers’ 
this person well. A small additional expenditure 
to protect this investment is logical and, if as a 
result of higher income from his new occupation 
the patient himself is able to pay more taxes, he 
ultimately refunds the cost of his vocational 
training. 

What about the occasional patient who should 
not return to a former occupation because of a 
public health hazard? For instance, a young food 
after 


treatment should not be told simply to find an 


handler with far advanced inactive disease 


other job. It is much better from every point of 
view to help prepare an intelligent person in this 
position for other work at the same or a higher 
economic level. 

Mention was made in passing of patients from 
the low economic level, who cannot read or write. 
These individuals, as well as those persons who 
have difficulty in speaking English, are prime 
candidates for adult education—a most important 


phase of rehabilitation. 


Finally, Dr. Allen says that he has never ap- 
proved of occupational therapy, believing that it 
does not decrease the percentage of irregular 


discharges and implying that it is an expensive 
part of any rehabilitation program. I admit that I 
am unable to demonstrate, statistically, that the 


percentage of patients who eventually leave 


advice is less in those hospitals with 


against 


CORRESPONDENCE 


adequate occupational therapy 
However, my experience has firmly convinced me 
that the morale of patients is better and that th 
average length of stay is longer in those hospitals 
with occupational therapy than in those without 
these services. Also, there are patients with ad- 
vanced disease or with incurable tuberculosis whi 
need to remain in a hospital for long periods of 
time. Everyone who has been concerned with 
occupational therapy knows how very much these 
services mean, every day, to these persons. With 
so worthwhile and interesting 


many projects 


available to the occupational therapist today, 
there is no excuse for keeping patients “busy 
that they 


a well-organized occupational 


worthless items 


In 


therapy department, cost is kept to a minimum 


making even are 


ashamed of.” 
by having the patients purchase their own ma- 
terials (with proceeds from the sale of the finished 
products, if necessary) and by obtaining donations 
of scrap material from industries and of equip 
ment and funds from civic groups. 


techabilitation methods of twenty-five years 
ago are as outmoded in the current treatment of 
tuberculosis as are prolonged strict bed rest 


There is 
less emphasis now upon vocational training and 


pneumothorax, and phrenic paralysis. 


more upon job placement and follow-up. Diver 
sional therapy not only continues to be impor 
tant but 
occupational 


in this chronic disease, other forms of 


therapy are becoming recognized 
for their physiotherapeutic value, i.e., the restora- 
tion of the contour and the mobility of the thoracic 
eage after thoracic surgery 

I am sure that very few taxpayers, knowing the 
the 


would feel 


role played by ‘‘modern rehabilitation’? in 
‘modern treatment”’ of tuberculosis, 
that they are getting a poor return for their tax 


dollars. 


Freverick C. WARRING, JR. 
Laurel Heights Hospital 


Shelton, Connecticut 


May 15, 1959 


To the Editor of the American Review of Tubercu 


losis and Pulmonary Diseases: 


I am very glad to avail myself of the oppor- 
tunity to reply to Dr. Dressler’s letter (Am. Rev 
Resp. Dis., 1959, 80, 111), which I saw in galley, 
in which he commented on my philosophy of 
occupational therapy and rehabilitation. 

First, I do not merely accept “the thesis that 
physical activity is not contraindicated in these 
days of potent chemotherapy of tuberculosis.” 


departments,’ 


~ 


Perhaps Dr. Dressler is unaware that I originated 


this thesis and reported it first at the meeting of 
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the College of Chest Physicians in June, 1954, and 
it appeared in Diseases of the Chest, July, 1954, 
two full years before he reported his Pilot Program 
with selected patients in Diseases of the Chest, 
June, 1956. 

Second, 
special connotation that goes far beyond the dic- 


rehabilitation has become a word with 


tionary meaning of the word, which is “to restore 
to a former state, capacity, privilege, rank, ete.; 
to make one capable of becoming a useful member 
of the society again.’’ According to this definition, 
my program has succeeded while the pilot study, 
using specially selected cases, has ignored the 
bulk of patients—those over forty years of age 
who are not likely to change their emotional, 
social, or vocational habits. Actually, less than 
one of every four discharged patients from a tu- 
berculosis institution could be re-trained for a 
better occupation. For example, over 30 per cent 
of tuberculosis patients today are alcoholics, and 
to date no one has been very successful in changing 
these people. Another 10 to 15 per cent are sixty- 
five years or older, and no amount of rehabilita- 
tion is going to make them anything other than 
old people. 

Third, Dr. Dressler reports that 10 per cent of 
their patients remain positive with resistant or- 
ganisms. With my program of immediate hos- 
pitalization of all suspected cases and treatment 
in the hospital of all proved cases, as reported in 
“Treatment of Tuberculosis Today’’ (Am. J. 
Med., 1958, 25, 75), 3 per cent of proved cases died 
of tuberculosis, another 3 per cent died during 
hospitalization for associated disease, and only 2 
per cent remained as chronic cases. Perhaps Dr. 
Dressler was not as fortunate in receiving his pa- 
tients before they had been given outpatient drug 
therapy as was true with the majority of my pa 
tients. Pre-hospitalization drug therapy is usually 
given by well-meaning physicians who have been 
led to believe that tuberculosis is treated by writ- 
ing a prescription for drugs and continuing these 
drugs indefinitely. Drug therapy of nonhospital- 
ized patients falls far short in every respect of 
what can be achieved with immediate hospital 
care and does not even approach the results I have 
had in my medically treated group; it automati- 
eally denies patients the possibility of successful 
resection which should be done early in the course 
of the disease. Those resected before six months 
of multiple-drug therapy have an excellent prog- 
nosis, those resected after six months do poorly. 
This program also keeps the number of patients 
with pulmonary insufficiency at a minimum. 

Fourth, in reading my article ‘‘Ex-Tuberculosis 
Patient as an Employee”’ (Indust. Med., 1956, 25, 
573), the total number of patients admitted was 
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330, not 350 as Dr. Dressler quoted, and the well 
known “grapevine,” friends and relatives, kept 
us informed about the patients’ occupations even 
though they may have left the area so that follow- 
up was not possible. 

Fifth, I never denied the existence of anxieties 
and problems of hospitalized tuberculosis pa- 
tients, but I feel that with a definite treatment 
program in which I could tell them that they 
would be hospitalized only about four months, 
that at the end of that time they would be phys- 
ically able to return to their gainful occupations, 
and that they could meet their own problems in 
their own way, was of far more value than all of 
the talking of a social worker or psychiatrist in 
allaying these anxieties. If my theories had not 
been well received by my patients, they would 
have reflected in a high rate of irregular dis- 
charges. Those patients with a history of irregular 
discharges from this or any other tuberculosis 
institution were resected, yet in the surgically 
treated cases our irregular discharge rate was 
only 5 per cent as compared with 10 per cent in 
the medically treated group. To me this indicates 
that the patient is more interested in the outcome 
of his disease than in learning new techniques to 
resolve his problems. 

I am not attacking rehabilitation as it is defined 
in the dictionary, but with our heavily burdened 
economy I do not believe that we can afford the 
implied meanings of the word. If a patient does not 
have the inherent mental ability to be re-trained 
for a better job, and this is true of most tubercu- 
patients, no social service, occupational 
therapy, or psychology is going to change him. 
We must be realistic about this problem. 


losis 


ALBERT R. ALLEN 
202 West Orchard 
Selah, Washington 


May 11, 1959 


In connection with the article, “Is a Vocational 
Rehabilitation Program Justified in a Tuberculosis 
Hospital? ,”’ by Arthur J. Marion and David Salkin 
(Am. Rev. Resp. Dis., 1959, 80, 59), Dr. David 
Salkin and the Editor have been corresponding on 
the question of the most satisfactory terminology to 
use to describe the event of a patient leaving a hos- 
pital for reasons other than the satisfactory comple- 
tion of his treatment. This represents a problem that 
is constantly recurring and one for which no truly 
satisfactory solution has been found. As Dr. Salkin 
has made such a thoughtful analysis of the problem, 
with his permission, the relevant portions of the 
correspondence that relate to the terminology ques- 


tion are reproduced below. 


| 
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TERMINOLOGY USED FOR DISCHARGES FROM 
HOSPITAL 
To the Editor of the American Review of Tubercu 


losis and Pulmonary Diseases: 


I would like to take objection to the use of the 


term “unsanctioned discharge’’ to replace the 
term “irregular discharge.’’ The reasons follow: 
(1) The words “‘irregular’’ and ‘‘unsanctioned’”’ 
are not entirely equivalent. Irregular means 
‘not conforming to rule or law, lawless, 
disorderly.’ The word unsanctioned means 
‘not ratified or confirmed by sanction or 
solemn enactment’’ with a connotation of a 
penalty attached to the transgression. 
(2) The term irregular discharge includes three 
categories: (a) against medical advice 
(AMA), 
(AWOL), and (c) disciplinary discharge due 


to misconduct. Since the word unsanctioned 


absent without official leave 


would apply chiefly to the disciplinary dis 
charge, the other two categories are, in a 
way, not included. Furthermore, since the 
patient and the hospital do not enter into a 
pact regarding the mode of departure, the 
patient has broken a rule made only by the 
hospital and not by both parties. The word 
irregular is therefore more comprehensive 
than the word unsanctioned. 

3) The term irregular discharge is traditional 
and used commonly by almost all hospital 
and official bodies, including the American 
Trudeau Society and the Veterans Adminis- 
tration. It will also be used by the Com 
mittee on the Revision of Diagnostic Stand 
ards for 1960. 

(4) Although the term irregular discharge is not 
particularly euphonic, neither is the term 

In fact, it 

so due to the number of sibilant sounds that 


unsanctioned discharge. is less 
it contains. 

I do not know whether either or both of us are 
splitting hairs, for to us an irregular discharge is 
unsanctioned (or vice versa) and to the patient 
it is a “self discharge.’ 

Davip SALKIN 
Veterans Administration Hospital 
San Fernando, California 


May 11, 1959 


The Editor’s reply (May 19, 1959) in substance 
stated the belief that the raising of the question 
did not represent “splitting hairs’’ and that ‘“‘he’’ 
had never been too happy about the use of the 
word “unsanctioned,” because it 
does not apply to Dr. Salkin’s items (2) and (3), 
discharge implies 


particularly 


above. However, “irregular’’ 
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an irregularity in the proceeding. Perhaps the 
problem is in attempting to put categories (2) and 
(3) under one heading. In actuality, categories 
(1) and (2) are one thing, whereas category (3 
is something quite different—indeed, something 
with which one would assume no irregularity 
should be associated! After all, the disciplinary 
discharges are relatively few and probably should 
be handled as a separate category. He went on t« 
and ‘‘un 


suggest the use of “authorized” 


authorized”’ discharges. 


To the Editor of the American Review of Tuberculo- 


sis and Pulmonary Diseases: 


I was pleased to receive your letter regarding 


of the terms “irregular”? and ‘‘unsane 


Like yourself, I am unhappy 


the use 
tioned”’ discharges. 
about the use of both terms, since in most ways 
they represent the same basic feelings of the 
hospital or just one point of view. 

To initiate the discussion, I would like to define, 
a “regular’’ discharge, because what is regular 
for one hospital may be regarded as irregular by 
another institution depending upon its concepts 
of how long a patient should stay, what con 
stitutes a good therapeutic result, and so on. Fur 
thermore, the patients may have some justification 
which we may consider too lightly. In addition, | 
we must consider the desires of the public as repre 
sented by the Public Health Department. Thus, 
we already have three points of view one must 
consider in defining a regular or irregular 
discharge. 

Regular discharge: This may be defined as one 
which is agreed upon amicably by three parties— 
the hospital (or physician), the patient, and the 
Public Health Department. Synonymous terms 
include sanctioned, proper, mutual, normal, joint, 
customary, ordinary, usual, cooperative, and 
natural. It is easy to see that all of these terms 
may have different connotations under different 
circumstances. 

Irregular discharge: Irregular will be defined 
under four different points of view. 

(1) Position of the hospital: Its authority has 
been flaunted and, in its wrath, it regards 
the discharge as irregular. And it may use 

unsanc- 


terms as 
abnormal, 


also such synonymous 


tioned, improper, singular, 
unusual, non-cooperative, unnatural, extra- 
ordinary, against medical advice, elope- 
ment, abscondence, absent without official 
leave (AWOL), and disciplinary. Some of 


these terms are more appropriate than 


\ 


others depending upon the detailed cireum- 
stances of the discharge. 
(2) Position of the patient: He feels that the 
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hospital does not understand his problem, 
he is not satisfied, and he is treating the 
hospital as he would his own private phy- 
sician—by discharging him. If the patient 
is a ‘‘normal’’ person, he may feel that the 
hospital does not or will not understand his 
problems; if he is a person with a personality 
disorder, then he may be doubly right since 
we know so little of this phase of medicine. 
Either way, to himself, he is a “self-dis- 
charge”’ and, in turn, he might apply to the 
hospital such terms as non-cooperative, 
improper, unreasonable, inefficient, and 
even ignorant. 

Position of the Public Health Department: 
This depends upon its views of isolation, 
positive bacteriology, and facilities. Gen- 
erally, they feel that their main problem 
is a frankly positive sputum or its disease 
equivalent and they want every tubercle 
bacillus bottled up in a hospital. If the 
patient is at fault, he is labeled as non- 
cooperative or even recalcitrant. If the 
hospital disciplines out such patients or 
refuses to readmit them, it is labeled as 
non-cooperative. 

Point of view of a refe ree: This position 
should be held ideally by the hospital and 
the physician but, unfortunately, it is not 
held by anyone. The detached referee would 
regard all of these “‘irregular’’ and “‘self- 
discharges’’ by a more comprehensive term 
and would suggest a study of the under- 


lying basic reasons for the differences be- 
tween the two main parties. My friend, Dr. 
Aaron Cohen, suggests the terms ‘‘pre- 
mature’ or ‘“‘untimely’’ discharge. I like the 
word premature. Thus, the proper word to 
use depends upon the point of view. The 
most scientific and objective term is 
premature. 

By the way, we have quite a high number of 
premature discharges at San Fernando; in fact, 
about one-third of our patients. We have recently 
made an analysis of 205 tuberculous patients who 
left prematurely in 1957. We found that 95 per cent 
of the entire group have disturbed personalities 
and that the premature discharge is merely a 
symptom. 


Davip SALKIN 
June 1, 1959 


Dear Dr. Salkin: 

I appreciate very much your letter of June 1 
and am filled with admiration for your most 
thoughtful analysis of our problem. It is a splendid 
example of how one must first define carefully 
precisely what one is talking about before the 
proper word labels can be found. Once such an 
analysis is made, the proper designation falls into 
place almost automatically. 

Your analysis is most convincing and I am a 


“convert”? to the word “premature.”’ 


Tue Epiror 
June 23, 1959 


— 

= 
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ANTIBIOTICS MonoGrapus: No. 8. CHLoRo- 


MYCETIN (CHLORAMPHENICOL). By Theodore E. 
Woodward and Charles L. Wisseman, Jr. Pp. 159, 
Medical Eneyclopedia, Inec., New York, 1958. 
Price, $4.00. 


This monograph presents a comprehensive review 
of the status of chloramphenicol as a therapeutic 
agent. The the 
treatment of viral, bacterial, and rickettsial infeec- 


discussion of antimicrobial in 
tions is clearly based upon the wide experience of 
the authors. It is clear that chloramphenicol is the 
most valuable drug in the therapy of rickettsial 
diseases and salmonellosis. The drug’s superiority 
in treatment of other infections is not as evident, 
however, as there are other chemotherapeutic 
agents and antimicrobials with at least equal 
effectiveness. A separate chapter has been devoted 
to staphylococeal infections, and this is a concise 
statement of the present problem. The reason for 
inclusion of this chapter is evident from the fre- 
quency of the use of chloramphenicol in staphylo- 
coccal infections and the absence of change in the 
general susceptibility of the bacterium to the drug. 
The authors illustrate very precisely, however, 


that chloramphenicol must not be considered as 


the single agent of greatest usefulness in the 
treatment of staphylococcal infections. 
LeicgutTon Ciurr 


Baltimore, Maryland 


AntiBpiotics MonoGcrarus: No. 9. PENICILLIN. 


By Harold L. Hirsh and Lawrence E. Putnam. 
Pp. 148, Medical Eneyelopedia, Ine., New York, 
1958. Price, $4.00. 


Although comprehensive, this essay on penicillin 
presents concepts on the use of this antimicrobial 
which are not generally acceptable and are de- 
batable. For example, the authors state on page 6 
that the antibacterial activity of penicillin is not 
appreciably affected by blood or serum, and this 
is far from the truth, as adequately demonstrated 
by Eagle and other investigators. Another illus 
tration of the inadequacy of the presentation is 
seen on page 10, where it is said that shortly after 
oral administration of penicillin there is a change 
in the bacterial flora of the throat from gram- 
positive to gram-negative. This statement implies 
that only oral penicillin has this effect, which is 
not correct; with the exception of large doses of 
penicillin, it is also untrue. Another inaccurate 

12 


statement is found on page 12, where it is implied 


that staphylococci producing human infection be 
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come increasingly resistant to penicillin during 
treatment. There is an error in the heading of 
Table III where ‘“‘staphylococeal infection” should 
be “‘streptococcal infection.” 


Other inadequacies of this monograph could be 


cited and, although the bibliography is of great 
value, the authors’ evaluation of penicillin and its 
antibacterial action is not always acceptable or 
correct. 


LEIGHTON E. Ciurr 
Baltimore, Maryland 
No. 


ANTIBIOTICS MONOGRAPHS: 10. STREPTOMY- 


CIN AND DiHypROSTREPTOMYCIN. By Louis Wein- | 


stein and N. Joel Ehrenkranz. Pp. 116, Medical 
Encyclopedia, Inec., New York, 1958. Price, $4.00. 


This monograph is a scholarly presentation on 
drug therapy in infections. It is comprehensive, 
yet strictly to the point. There is a careful 
appraisal of the use of streptomycin and dihydro- 
streptomycin in infections other than tuberculo- 
sis. Particularly indicative of the authors’ aware- 
ness of the problems in the use of antimicrobials 
is the chapter, ‘“‘Diseases Unaffected by Strepto- 
mycin and Dihydrostreptomycin.”’ It is the re- 
viewer’s opinion that this essay represents the 
best evaluation yet written of these antimicrobials 
in clinical medicine. 


E. Ciurr 
Baltimore, Maryland 


AN EXPERIMENT IN Patient REHABILI- 
TATION. By Henry J. Meyer and Edgar F. Bor- 
gatta. Pp. 114, Russell Sage Foundation, New 
York, 1959. Price, $2.50. 


This book constitutes a report on a research en- 
deavor to evaluate a program for the rehabilita- 
tion of post-hospitalized mental patients. The 
social agency undertaking the study was the Altro 
Health and Rehabilitation Services, Inc. Altro has 
operated The Sheltered Workshop for tuberculous 
patients in New York City for over forty years. 
For over six years it has served cardiac patients, 
and more recently the agency has become inter- 
ested in psychiatric patients. 

The report of the experiment is divided into six 
chapters: the first three describe in some detail 
the research design, its implementation, and the 
kinds of data sought and gathered. The fact that 
the study ran into major difficulties is neither 
minimized from the beginning. 
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Interestingly enough, these major difficulties con- 
sisted in the fact that the supply of patients who 
could be considered suitable was not adequate to 
the experimental and that only 
about one-third of the experimental group selected 
actually participated in the treatment offered, in 
spite of apparently adequate sources of patients 
and broad and reasonable criteria for their selec- 
tion. Despite this relative failure of the research 
plan, the gathering of descriptive data on patients 


requirement, 


constituting the ‘‘target group”? from which the 
control and experimental groups were selected 
made possible an analysis of such data, which is 
taken up in the following chapters. 

In general, it appeared that the patients in the 
sample group did not differ significantly from 
those in the target group. A factor analysis of 
various background characteristics of patients in 
the experimental group is reported in terms of 
prognostic significance of factors, such as the 
type of family relationship of the patient. Finally, 
there is an attempt to assess the effectiveness of 
the program by means of a follow-up study, from 
which a modest conclusion is drawn that patients 
referred to Altro or participating in its program 
may be said to have benefited in some small 
measure. Such conclusions are drawn by the 
authors, however, with great caution and warn- 


ing, since the program did not succeed in achiev- 
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ing its initial aim of evaluation in a statistically 
significant and scientifically satisfactory manner. 

It would appear to be contrary to the aims of 
the authors if some of the cautious conclusions 
concerning prognostic factors or effectiveness of 
rehabilitation programs accepted and 
utilized by practitioners as proved or final. 
Rather, the book should be of greatest interest to 
those professional people who, like the authors, 
are interested in evaluative research of such 
programs. In their concluding chapter, it is cor- 
rectly pointed out that there are a number of 
central assumptions common to workers in social 
welfare agencies which have never actually been 
put to a scientific test. There is, for example, the 
assumption that the number of patients seeking 
this kind of help exceed the capacity of the aver- 
age agency to give it; or the assumption that a 
patient must be voluntarily motivated to seek 
help before a program can be effective in his case. 
The need for further research in this area in the 
rigorous traditions which the authors exercised is 
certainly indicated. The difficulties which these 
researchers encountered should not act as de- 
terrents to further investigation in the field; 
rather, their accurate reporting should stimulate 
and help to make possible more effective research 


were 


designs and implementations. 


ALBERT C. SHERWIN 
New York, New York 
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TEXTBOOK OF MicroBioLoGy. By William Bur- 
rows. Pp. 954, W. B. Saunders Company, Phila- 
delphia, London, 1959. Price, $14.00. 

Drues: THErR NATURE, ACTION AND 
Harry Beckman. Pp. 728, W. B. 
Company, Philadelphia, London, 1958. Price, 
$15.00. 

CcurRENT THERAPY—1959 APPROVED 
Metuops OF TREATMENT FOR THE PRACTICING 
PuysictaNn). Edited by Howard F. Conn. Pp. 
781, W. B. Saunders Company, Philadelphia, 
London, 1959. Price, $12.00. 

Recent TRENDS IN Broncuitis. By 
Neville C. Oswald. Pp. 199, Oxford University 
Press, New York, 1958. Price, $7.50. 

A CurnicaL InrropuctTion To HEART 
By Crighton Bramwell. Pp. 229, Oxford Uni- 
versity Press, New York, 1959. Price, $5.50. 

InsuLiIn TREATMENT IN Psycutatry. Edited by 


Use. By 
Saunders 


(LATEST 


DISEASE. 


Max Rinkel and Harold E. Himwich. Pp. 386, 
Philosophical Library, Ine., New York, 1959. 
Price, $5.00. 

SoctaL Work 1N TuBeErcuLosis. By Margaret 
Coltart, Helen Raine, and Elizabeth Harrison. 
Pp. 144, The Chest and Heart Association, 
London, 1959. Price, 12s.6d. or $3. 

or Cuest Ciinic Practice (in Tropi- 
CAL AND SusB-rropicaL Countrigs). By A. J. 
Benatt. Pp. 100, E. & 8. Livingstone Ltd., 1959 
(The Williams & Wilkins Co., Baltimore, Md., 
U.S. agents). Price $3.00. 

ANNUAL Review or MepicineE. Volume 10. 
Edited by David A. Rytand and William P. 
Creger. Pp. 448, Annual Reviews, Inc., Palo 
Alto, California, 1959. Price, $7.00. 

MEDICINE AND ANTHROPOLOGY. Edited by Iago 
Galdston. Pp. 165, International Universities 
Press, Inc., New York, 1959. Price, $3.00. 
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American Trudeau Society 


Medical Section of the National Tuberculosis Association 


Cc 


Obituaries 


C. Howard Marcy 


1889-1959 


Howard Marey, M.D., pioneer and tireless 


worker in the anti-tuberculosis program of Penn 


sylvania, widely recognized tuberculosis hospital 


consultant, clinical professor of medicine at the 


Pennsylvania, on March 16, 1889. He attends 


Allegheny College and Lehigh University, wher 


he took a course in engineering, and graduated 


in medicine at the University of Pittsburgh in 


of the Board of Directors of the National Tuber 


culosis Association, died in Pittsburgh on January 


18, 


1959, in his seventieth vear. 


Dr 


Marey 


was born in Cambridge Springs, 


University of Pittsburgh, and long-time member 
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1914. After internship at the Merey Hospital of 
Pittsburgh, he became resident physician in one 
of the best known institutions for the study and 
treatment of tuberculosis in the United States, 
the Tuberculosis League Hospital of Pittsburgh 
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AMERICAN 


He was the guiding force in this institution for 
more than forty years; his personal association 
was continuous except for the two vears of World 
War I, during which he served as captain in the 
Medical Corps of the United States Army. 
Throughout those years Dr. Marey’s influence 
extended to every significant tuberculosis activity 
in the ol His 
wisdom and unique capacity for recognizing a 


Commonwealth Pennsylvania. 
productive course of action made him an invalu 
able member of the councils and boards of official 
and voluntary agencies responsible for tuber 
culosis control in the state. In his own institution, 
the Tuberculosis League Hospital, he directed the 
medical activities from 1919 to 1959; during the 
last six years of the period he served as Executive 
Director as well. 

In few of his many positions was his influence 
more effective than in the Pennsylvania Tuber 
culosis and Health Society, the state affiliate of 
the National Tuberculosis He 
its president from 1932-1936 and 1942-1946; be- 


Association. was 
tween his two terms he accepted the more onerous 
load of secretary of the society. Many difficult 
tasks, involving diplomacy, tact, and knowledge 
of human nature, as well as technical understand 
ing, were given to Dr. Marey during his vears of 
service to this organization. 

In his own home environment he was virtually 
indispensable in all phases of the tuberculosis 


program. So well known was this fact that he was 
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often called “Mr. Tuberculosis of Allegheny 
County.”’ He was tuberculosis consultant to 


nearly a dozen hospitals and area consultant on 
tuberculosis for the Veterans Administration. In 
the last-named capacity he was a prized consultant 
to three local Veterans Administration hospitals. 
In the big and highly rewarding roentgenographic 
County 
in 1953, surveys leading to outstanding improve- 


surveys of Pittsburgh and Allegheny 
ment in local tuberculosis control, Dr. Marcy 
occupied the key post of secretary of the Survey 
In 


for the American College of Physicians, Regent of 


Foundation. Pennsylvania he was governor 
the American College of Chest Physicians, Presi- 
dent of the Pittsburgh Academy of Medicine, 
and Chairman of the Scientific Program Com- 
mittee of the state medical society. He was at 
all times active in the American Trudeau Society 
and was a member of the American Clinical and 
Climatological Association. 

Withal, in spite of his many honors and achieve- 
ments, Dr. Marey 
person. In his numerous chairmanships he forced 


was an exceedingly modest 


no issues, but he was quietly instrumental in the 
successful outcome of many. He was truly beloved 
by his associates. His home life was a happy one. 
He is survived by his wife, Mrs. Marie Gold Marey, 
a son, who is a physician, and a daughter. 


EsmMonpb R. 
Artuur M. Dewees 


Lawrence E. Wood, Sr. 


1900-1959 


Dr. Lawrence E. Wood, Sr. died suddenly on 
February 3 in his office while attending a patient. 
He died as he would have wished, in the active 
practice of medicine. 

“Woody”’ ’s life 
science, art, teaching, and friendship. Even prior 


was woven of a mixture of 
to his graduation from the University of Kansas 
School of Medicine in 1926, he was working part 
time at the Leeds Tuberculosis Hospital—thus 
beginning an interest in tuberculosis that was to 
continue throughout his lifetime. Following train 
ing in Montreal and Baltimore, he returned to 
Kansas City and established his practice in 1930. 
During this same vear he was appointed to the 
faculty of his alma mater—an association which 
continued for twenty-eight years and led to the 
title of Associate Clinical Professor of Medicine. 
An 


his 


entire generation of medical students recalls 
kindly counsel and sympathetic understand- 
ing. In addition to his activities as teacher and 
counselor, his main interests were his patients and 
his research problems. His sincere interest and 
understanding led to the deep affection with 


which he was regarded by his intimates as well as 
by his patients. 

Except for war service in the Medical Service 
of the United States Navy, he practiced medicine 
for twenty-eight vears. He was active in organized 
tuberculosis work of both Missouri and Kansas, 
and served as president of both state tuberculosis 
associations as well as of the Missouri Trudeau 
Society and the Missouri Chapter of the American 
College of Chest Physicians. For eighteen years 
he was Medical Director of the Heart of America 
Tuberculosis Society and for eleven years, Senior 
Consultant in Chest Diseases to several Veterans 
Administration hospitals. 

It was his scientific interests which carried his 
name to national prominence. These interests con- 
cerned acid-fast bacilli and tuberculin testing. 
He and his associates first described and estab- 
lished the pathogenicity of an atypical acid-fast 
organism called the ‘Yellow bug’’ or more scien- 
tifically Mycobacterium kansaii, now known to 
cause widespread infection in the central United 
States. His studies of the tuberculin test began 
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in 1940 and culminated in 1958 in the publication 
of the results of an epoch-making ten-year survey 
of the tuberculin test as a case-finding tool. This 
study has an important place in demonstrating 
the value of the tuberculin test in modern public 
health practice. His studies with newer methods 
of tuberculin testing, in particular the Heaf and 
patch tests, were presented this year at the annual 


meeting of the National Tuberculosis Association 
His contributions were recognized by the award 
of a grant by the National Tuberculosis Associa. 
tion to support his work for the past seven years 
It was not only as a scientist or teacher that 
many of us treasured him, but as a kindly and 
sympathetic friend and a beloved physician. 


L. Furco.oy 
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TRCOLOW 


NOTICES 


The following dates and locations of the next 
three annual meetings of the National Tuberculo- 
sis Association and the American Trudeau Society 
have been selected and approved: 


1960—Los Angeles, California—May 15-20 
1961—Cincinnati, Ohio—May 21-26 
1962—Miami Beach, Florida—May 20-25 
DAVID RUSSELL LYMAN GOLD MEDAL AWARD TO 
KIRBY S. HOWLETT, JR. 
The David Russell Lyman Gold Medal was 


awarded on May 16 to Dr. Kirby 8. Howlett, Jr. 
This award has been presented annually since 
1952 to a person who has overcome tuberculosis 
and lived a life “exemplary of outstanding pro- 
ductiveness and service in the public welfare.’ 
The presentation was made by Dr. Gustaf EF. 
Lindskog of New Haven, chairman of the award 
committee. 


FELLOWSHIPS IN RESPIRATORY DISEASES 


The American Trudeau Society, as the Medical 
Section of the National Tuberculosis Association, 
provides two types of fellowships to promote the 
training within this country of clinicians, medical 
teachers, and scientific investigators in the field 
of tuberculosis aud respiratory diseases. 

National Tuberculosis Association Fellowships: 
Candidates holding the degree of M.D., Ph.D., 
or Se.D., are eligible for awards making possible 
continuation of graduate study in the field of 
respiratory diseases in an approved hospital or 


medical center. Such studies may be oriented 
toward either teaching or research. 
Predoctoral fellowships are also offered to 


graduate students who hold bachelor degrees and 
are working on research projects for an advanced 
degree other than an M.D. 

Each applicant must have been accepted by the 
head of the department under whom he expects to 
work. Awards are determined by individual cir- 
cumstances and are paid directly to the Fellow on 
a quarterly basis. Fellowships are granted for one 
year and may begin on any date at the convenience 


of the applicant. Not more than two renewals will 
be considered. Fellowship applications must be 
received by December 1. 

Edward Livingston Trudeau Fellowships: A few 
fellowships at a higher level of training and award 
are offered to specially qualified candidates with 
M.D). degrees who have been assured of continued 
teaching or research appointments upon comple- 
tion of training. Trudeau Fellowships are awarded 
for one year but may be renewed up to a total 
period of four years. 

Further particulars concerning fellowships may 
be obtained upon request from: The Director of 
Medical Education, American Trudeau Society, 
1790 Broadway, New York 19, New York. 


POSTGRADUATE COURSES ON DISEASES OF THE CHEST 


The Council on Postgraduate Medical Eduea- 
tion of the American College of Chest Physicians 
will present the following postgraduate courses 
this fall: 

14th Clinical 
monary Physiology, 
Hotel, Chicago, October 5-9 


Course, Cardiopul 


Beach 


Annual 
Edgewater 


12th Annual Course on Diseases of the Chest, 
Park Sheraton Hotel, New York, New York, 
November 9-13 


5th Annual Course on Diseases of the Chest, 
Ambassador Hotel, Los Angeles, December 
7-11 


The course on clinical cardiopulmonary physiol- 
ogy is the second to be presented by the Council 
on this timely subject. The New York City and 
Los Angeles courses will offer the most recent 
advances in the diagnosis and treatment of chest 
diseases, medical and surgical. 

Tuition for each course is $100 including round 
table luncheon discussions. Further information 
may be obtained by writing to the Executive 
Director, American College of Chest Physicians, 
112 East Chestnut Street, Chieago 11, Illinois. 
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